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Foreword 


Amateur Radio has a long tradition of what we affectionately call “homebrewing.” 
Homebrewing simply means the act of building a piece of equipment with your bare hands, 
often in the comfort of your own home. In the earliest days of Amateur Radio, homebrewing 
was mandatory; there were no commercial products available. But even in this modern era of 
click-and-purchase Internet shopping, many hams still prefer to build their own equipment 
whenever possible. 


One thing that has changed tn recent years is the nature of what we build. Hams are 
increasingly attracted to the extraordinary potential of microcontrollers as tools in everything 
from station accessories to transceivers. As a result, they're eager to learn how to program 
these devices and put them to work. 


In ARRL’s PIC® Programming for Beginners, Mark Spencer, WA8SME, shows you how to 
“speak” the language of microcontrollers. You'll find that working with PICs is surprisingly 
easy, educational and, most of all, fun. 


David Sumner, K127 

ARRL Executive Vice President 
Newington, Connecticut 

March 2010 
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Chapter 1 


If you look around the room, you will probably see a number of items within the 
room that are controlled by microcontrollers. These small, inexpensive yet powerful, 
dedicated computers are in virtually everything that we use in our daily lives from 
microwave ovens, TV and other appliance remote controls, heating thermostats, 
entertainment systems, clocks, to even home pregnancy tests and electronic tooth brushes. 
Microcontrollers have a lot of utility for the casual electronic enthusiasts as well as 
the professional engineer. The purpose of this book, ARRL’s PIC® Programming for 
Beginners, 1$ to get you started on a journey to explore and use the potential of these 
devices. 

If you are an old hand at basic electronics, you probably have spent hours putting 
together some electronic device to accomplish some task using discrete components in 
an analog circuit, for instance an oscillator, or timer, or some sort of driver for a visual 
display. There is a lot that you can do with analog circuits using the many (and sometimes 
expensive and hard to come by) individual components needed to create the circuit. In 
the end, the circuit probably worked with some fine iuning and adjustment, and if your 
design was quality, the circuit may have stayed in “tune” for quite a while. 

The digital revolution has changed the electronics paradigm, and now you can 
do many of the things you used to do with analog circuits with digital technology 
better, faster, cheaper and more flexibly. You can’t do everything with digital, but you 
sure can do some incredible things that analog circuits just couldn't do. The addition 
of microcontrollers into the equation has made your access to the capabilites of 
digital technology even easier. It just takes some effort and study to get started using 
microcontrollers, but once you do over-come that first hurdle, not only your creative 
juices start flowing, but you will be able to do something about tt, digitally. 

T have had to make some assumptions about you, the reader of this book. 

1) T assume that you know the basics of electronics, i.e, how to identify different 
components, know how to determine component values, know the basic Function of 
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the various components, can interpret a circuit diagram, and can build circuits on a 
prototyping board based on those circuit diagrams. 

2) | assume that you know some basic electronic vocabulary, Le., current, voliage, 
frequency, period, cycle, comparator, analog and digital. 

3) I also assume that you have some basic knowledge of computer programming 
and some of the vocabulary associated with computer programming, i.e, understand the 
meaning of variable, constant, label, instruction, conunand, opcode, oprand, prograr, 
program code, goto and loop. | do not assume that you are a proficient computer 
programmer. 

4) Finally, [ assume that you have a working knowledge of number systems, 1.¢., 
decimal, hexadecimal, and binary. You won’t be doing extensive mathematics using these 
different numbering systems, perhaps just some simple addition and subtraction. There 
are two algebra level formulas presented in one of the chapters — that will be the extent 
of the mathematics content of the book. 


Text Conventions 


Book Structure 


Here are a few text conventions that I am using in the body of the book: 

The mnemonics that refer to the registers and individual bits within registers will 
be in UPPER CASE LETTERS (with the exception of the working accumulator register 
which will be referred to in lower case letters — W-register). 

*The inemonics that make up the instruction set (opcodes) that are used in programs 
will be in ail lower case letters. 

#An instruction refers to a line of program code that includes an epcode, the 
programming instruction, and oprand, the register location or memory location that 1s 
being sensed, modified or supplying a value (if the oprand is required). 

eDecimal numbers in the program listings will be immediately preceded with a 
decimal point (.), i-e., the number 123 will be noted as .123 to identify the number as the 
decimal form. 

Hexadecimal numbers will be listed with 0x preceding the number, 1.e., Oxla. 

*Binary numbers will be listed with the letter b preceding the binary digits between 
apostrophes, 1.¢, ““b01001001". The binary number may be truncated to represent a 
portion of an 8-bit number, i.e., “bi111” for the lower nibble of a byte. 

eWhen the words sef or clear, and variations of those words, are used in the context 
of the state of a register bit or the voltage state on an input/output pin, the words will be 
in all capitals. The SET state of an I/O pin would be logic high or +5 V, the CLEAR state 
of an HO pin would be logic low or 0 V (ground). 


The structure of this book is based on a building block approach. The material presented 
in each chapter builds on the material in preceding chapters. So if you are going to skip 
around the book to focus on those topics that interest you most and you find something 
missing, go back and check in preceding chapters and you may find the background you 
need. It is important to understanding how to use microcontrollers that you have a firm grasp 
of the hardware inside these little computers, therefore the opening chapters of the book 
will explore the hardware architecture. Your (nferface between the hardware of the device 
and the programs that you will be authoring to exploit the capabilities of that hardware is a 
set of memory locations called special function registers. The next section of the book will 
focus on these registers and how to manipulate them. Chapter 6 is titled with the caveat of 
being the most important chapter, this was not a trivial use of that caveat. Spend some time 
on Chapter 6, it will be time well spent. Once you have an understanding of the hardware 
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and the registers you will use to work with that hardware, the remainder of the book looks at 
developing the computer programming code to access the various resources at your disposal 
inside the microcontroller. 

I have made a pledge to you, that I will avoid the tendency of assuming that you 
understand. I hated those college professors who would at some juncture in a lecture say, 
“and it 1s intuitively obvious to the most causal observer that this last point leads to the 
next very important point without further explanation.” This is not to say that [ will not 
make this mistake. I know that some points in the book will take some concentration and 
study to gain an understanding of the information being presented. | will try my best to 
present the material as clearly as I can without cluttering that clarity by over simplifying 
or beating a tmvial poJnt to extinction. 

There are as many ways to write program code as there are programmers writing 
code. J know for a fact that the code examples presented in this book are not the most 
efficient use of valuable memory space, nor is the code designed to execute as efficiently 
(as fast) as possible. The programming approach I choose to take in this book is what 
I call the “brute force programming method.” The code was developed to facilitate 
understanding, not for efficiency. One of my goals is to get you to write your own code 
as quickly as possible, writing efficient code will come over time, and frankly that is a 
never-ending quest of my own. 

The writing and reading of this book is a personal connection between you and me. 
[ wrote this book pretending that | am at your shoulder providing some instruction along 
the way. Therefore I avoided writing in the third person and | use pronouns like you, me, 
we and us. This is a journey that is shared between us so please excuse any politically 
incorrectness in my writing. 


Procedure for Reading and Studying This Book 


Related to the context of this book, it is designed to be read with the exercise 
programs displayed on your computer screen. There are screen shots of various steps of 
manipulating the MPLAB® /DE development software and using a simulator to study 
the program code in detail, but you should not depend on these screen shots nor the text 
atone, you should have the book open along side of your computer where you are running 
the appropriate application. 

The book comes with a CD-ROM that contains the program exercises addressed 
in the various chapters, some background manuals and supplementary reading that you 
should print out before they are referenced in the chapters, and some short video clips 
that you can run on your computer to reinforce those topics that are more instruction 
intensive. You will be able to use the programs as they are on the CD to load the 
programs into the microcontroller, however, you will not be able to modify those 
programs and save them back to the CD. If you want to experiment with the programs, 
and I highly encourage you to do so, you will have to copy the programs onto your 
cormputer’s hard drive, and then you will have full access to the program contents. The 
book is also based on a set of hardware that you may have elected to purchase with the 
book. If you chose not to purchase the hardware, that is okay, because there is nothing 
special or unigue about the bits and pieces. The only thing is that your hardware probably 
will not match the Ulustrations in the book. 


Challenge in Rapid Change; Keeping Current 


Writing a book such as this is a challenge in the rapidly changing technological 
environment we live in today. By the time it takes to author a book, the technology upon 
which it is based has probably already changed to the next generation. The basic concepts 
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are still valid, but the specific examples of software and hardware used may have undergone 
some revision. In light of this fact, I have attempted to take a snapshot of the technology, and 
have provided a version of the development software used in the illustrations of this text on the 
CD-ROM with the permission of the owning company Microchip. The development program 
MPLAB IDE has been and will continue to be improved and revised beyond the version 

8.1 that is on the CD-ROM. Microchip has done an excellent job of making their software 
revisions backward compatible to help alleviate problems with software revisions. I encourage 
you to use the software version that is on the CD-ROM while you are using this text, but then, 
go to the Microchip Web site and download the latest revision of MPLAB IDE as you continue 
your career with microcontrollers. This strategy will make the illustrations in the text match 
what you will see on your computer screen. 

The same caveat holds true for the programming hardware. The text is based on the 
PICKit™ 2 hardware. There are other Microchip programmers available and no doubt 
there will be an upgrade to the PICKit 2. This is not a big issue, again because of the 
backward compatibility built into Microchip products. It is just a simple matter to select 
the programming hardware you have in the configuration menu items of MPLAB IDE, and 
you will be all set. The basic code will remain unaffected. 

So — I don’t know about you, but I am anxious to get started. 
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Inside the 
PIC16F676 


Objective: To review the basic capabilities and internal architecture of the PIC] 6F676 device to 
provide the context for subsequent chapters. The basic functionality of the PIC] 6F676 and the 
memory resources that are used to set up the device and store the program will be introduced. 


Reading: PIC/6F630/676 Data Sheet, pages 1, 2, 5-8. 


The PIC16F676 


I encourage you to do a quick read-through of the assigned pages from the 
PICIOF630/676 Data Sheet, but do not get discouraged by the amount of detail presented 
in just a few pages. The purpose of this text is to focus your attention on, and simplify, the 
most relevant details required for the beginning PIC-MCU programmer. 


The PIC16F676 is a l4-pin, 8-bit microcontroller. If you look at the device diagram 
and also look at the device itself, if will be obvious that it has 14-pins (see Figure 2-1 and 
Figure 2-2). [tis an 8-bit device because the internal architecture of the device allows 
it to handle one-byte of data or information at a time. The device can handle data and 
information greater in length than one-byte by proper, and more advanced, programming 
techniques that are beyond the scape of this text. 


Microcontroller Functions 
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The PICI6F676 is a good device for learning about basic MCU programming 
because it contains many of the basic electronic functions that make MCUs so powerful. 
These functions include input/output (I/O) pins for both digital and analog sources, 
internal and independent timers for counting and timing events, multiple analog to digital 
converts (ADC) to allow the MCU to work with analog voltage sources and an analog 
compararor for comparing two voltage sources. (The sister device to the PIC] 6F676, the 
PIC16F630, differs because it Jacks the ADC converter features that are in the PICL6F676 
device.) To accomplish this level of performance, many of the 14-pins of the device serve 
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Figure 2-1 — PIC16F676 Pinout. 
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Figure 2-2 — PIC16F676. 


multiple purposes. Two of the pins are dedicated to provide power for (he device; pin-J is 
for Vag (+5 V) and pin-/4 is for V,, or ground. 

As you explore integrated circuits you will find that device power sources are 
indicated in various ways and this can cause some unnecessary confusion. For instance, 
here you will see the positive voltage source listed as Vag, in other cases you will see 
the positive voltage source listed as V.-. You will also see V,,, V.,, or simply GND or 
ground for the negative voltage source. The different designations come from the internal 
electronic architecture of the integrated circuit and the designation depends on if there 
is an n-channel FET or an NPN transistor in the circuit. If there is an n-channel FET, 
the positive voltage source 1s designated as V,,, for the voltage supplied to the top of the 
n-FET drain resistor and V,. for the voltage supplied to the bottom of the n-FET source 
resistor. If there is an NPN transistor, the positive voltage source is designated V.,, for 
the voltage supplied to the top of the NPN collector resistor and V,,. for the voltage at 
the bottom of the NPN emitrer resistor. If this is not confusing enough, it really gets 
convoluted when there is a mix of NPN, n-FETs and p-FETs in the circuit. The bottom 
line and most important thing fo remember is that V4, or V,, refers to the most positive 
voltage and V,, to the most negative voltage. You will also see GND or ground used to 
refer to the negative voltage source. 


Microcontroller Flexibility 


The other 12 pins of the device serve different purposes as assigned by the 
programmer (you) when the device is sef up at the beginning of the program. There will 
be extensive discussion on setting up the MCU in later chapters of the book because the 
example exercises throughout the text will demonstrate the use of each of the MCU basic 
functions. For instance, you can set up the PIC16F676 pins 12 and /3 to be a comparator 
to compare two analog voltages relative fo each other, pin 4 to be digital input to detect 
when you close a switch, pin 9 to be an ADC input to measure 4 voltage applied to the 
pin, and all the other pins as digital output to drive indicator light emitting diodes (LEDs). 
Rach of these functions and the associated programming that will make the functions 
work for you will be covered in dedicated chapters in the text. For now it is important to 
realize that there is a tremendous amount of flexibility at your disposal inside the MCU 
that is mited only by your imagination and programming ability. 


Internal Functional Blocks 


The external 14-pins of the device are how you connect the PIC16F676 to the outside 
world, now let’s take a look at what is going on inside the PIC L6F676, at least pictorially. 
Take another Jook at Figure 1-1 on page 5 of the Data Sheet. This is a detailed block 
diagram of the internal workings of the device and how these internal functional blocks 
are interrelated. As you gain more experience with the PIC16F676, the more detatled 
diagram of the Data Sheet will make more sense. But for now J would like you to refer to 
the simplified diagram depicted in Figure 2-3 for the following discusston. 


External 1/0 Pins 


The external I/O pins are divided into two banks of 6-pins called PORTA and 
PORTC. Other, more capable MCU devices that have more I/O resources would have 
added ports designated PORTB and PORTD. The individual pins within the ports are 
designated RAO through RAS (6-pins) and RCO through RCS. You will need to be careful 
not to confuse the physical pin number with the actual port pin designation that will be 
used during programming. For instance RAQ is the physical pin 73 of the device. If you 
wanted to connect an LED to RAG, you would make a physical connection between 
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Figure 2-3 — PIC16F676 Overview. 


pin-13 of the device (through a current fimiting resistor, LED, and ground). Then in 
your program, to turn on the LED connected to pin-13, you would use the following 
programming instruction: 


bsf PORTA, 0 


The opcode bs£ SETS the specified bit (bit 0 (zero) of the referenced port, 
PORTA). SET means setting the voltage on that pin to the high value which is +5-volts. 
CLEARING the bit means setting the voltage on that pin to the low value or ground. 
There will be much more on programming throughout the text so don’t get concerned at 
this point. Just remember that there is a difference between the physical pin number and 
how thai pin is referred to in the program. 


Uses of Pin RAS 
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The arrows in Figure 2-3 associated with the individual port pins indicate that data 
can go either into or out of the pin with the exception of RA3 which is input only. Pin 


RA3 serves three special purposes: for putung the PICI6F676 into the programming 
mode, if serves as the device reset pin and it can also be programmed to receive digital 
input. Because of these special uses while the device is operating, there are restricted 
capabilities for this particular pin that toust be kept in mind while you are developing 
your project. 


Additional 1/0 Pin Purposes 


As mentioned above, the /O pins serve many purposes as dictated by the 
programmer. This capability is indicated pictorially in Figure 2-3 with the comparator 
and ADC blocks. There is one comparator module with two pins RAO and RAL that 
can be software assigned as analog inputs and one pin, RA2, that can be assigned to be 
the comparator output. There are eight 10-bit ADCs, four on each port that are software 
assigned to RAQ, RAI, RA2, and RA4 (RA3 is limited and therefore does not have ADC 
capability) and RCO through RC3. 

These are the MCU resources available for communicating with the outside world. 
There are other MCU resources that are strictly used inside the device. 


Internal MCU Resources 


The two internal timer modules TinerO and Timer? perform powerful functions. 
These timers can have separate and independent clock sources and can be configured 
as timers or counters as defined by the programmer. This allows the timers to monitor 
specific I/O pins and take some programmed action at the expiration of a specified time 
interval or after a specified number of events while the MCU is doing other programmed 
tasks. For instance one of the timers can be used to “wake-up” after a specified time 
after the MCU is put to sleep, or placed in a low power State. Or a timer can be used to 
interrupt the MCU while it is performing some other task to send out serial bits to an /O 
pin. This allows the MCU to perform other tasks and only dedicate resources to send out 
serial data when needed. 


Macro View of the Memory Architecture 


The MCU memory witl be covered in detail in a later chapter, here we will take a 
macro view of the memory architecture. There are two blocks of memory depicted in 
the block diagram in Figure 2-3. The memory block labeled Device Setup consists of 
96-bytes of random access memory (RAM} made up of byte sized registers. The bits 
within the individual registers are used to assign functionality ta the device resources. For 
instance, setting the appropriate bits in the TRISA register determines if the I/O pins of 
PORTA are going to be input or output (either high (1) for input or low (0} for output). 
The area labeled General Purpose Registers is space for temporary storage of information 
used while the program is being executed. The memory block labeled Programs is where 
your program code will be stored. 


Program Execution 


Once your program is installed in the MCU memory, the program will begin 
excculion (running) when power is applied. The first struction is fetched from the first 
program memory location. That instruction is then decoded. And finally, actions are taken 
based on that decoded instruction. The process is started over again with the fetching of 
the next instruction. The action could be making pin assignments, doing some math on 
data, reacting to timer or pin inputs, or just about anything you want to happen as dictated 
by the program you write. That process is the reason for this book. 
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Summary 


Inside the PIC! 6F676, there are two ports of six YO pins each. The functions of 
these I/O ping are dictated by the programmer by setting the individual bits of a set of 
controlling registers that are located at specified memory locations within the device’s 
RAM. The functions performed by the MCU include basic input/output, comparator, 
and ADC. There are two internal and independent timer modulates that can be used to 
allow the MCU to do multi-tasking. There is a bank of RAM where device resource 
configuration information is stored. There is a bank of working RAM where the 
program is stored. And finally, program instructions are fetched from the program RAM, 
interpreted, and actions taken based on the interpreted instruction. 


By now you are probably anxious to do some actual programming of an MCU 
to accomplish something. The next chapter will cover the installation of the software 
(MPLAB® IDE) that you will use to develop your programs and install those programs in 
the PIC16F676. Once the programs are loaded into the MCU, the device is installed into 
the prototyping circuits you will construct to explore the power of the MCU, 
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2.1, What is the physical pin assigned to PORTA RA3? 
2.2, What is the purpose of the comparator module? 
2.3. What is the physical pin assigned to the ADC channel ANS? 


2.4, What is the bit resolution of the ADCs within the PICIGF676? 


2.5. How many internal general purpose timers are available in the PIC16F676? 
2.6. How much RAM is available for your programs? 


2.7. Once a PICI6F676 is programmed, how long can you expect that program to be 
retained in the device (if it is not over-written by another program)? 


Software and 
Hardware Setup 


Objective: To install the A4PLAB® /DE software on your working computer and explore the basic 
software functions. To construct the prototyping board hardware that will be used for the exercises 
in this text. Finally, load the First Program project into MPLAB IDE, build and then run the 
program with the PIC16F676 installed in circuit to test the MPLAB [DE software installation and 
the prototyping board setup. 


Reading: PIC/6£630/676 Data Sheet, pp 81, 82, and 84. 


Microcontroller Development Tools 


Microcontroller development tools are used by programmers to auhor debug, 
simulate and fest, and load programs into MCU devices, (Microcontrollers). The 
Microchip PIC® microcontrollers are supported with a number of development tools that 
are orchestrated under the umbrella program called MPLAB Integrated Development 
Environment (IDE). Under this programming environment, the programs that will be 
introduced and used in this text are the AZPASM™ Assembler and the MPLAB SIM 
Software Simulator. The MPLAB IDE allows you to write your programs. The MPASM 
Assembler compiles the programs you write into machine language that are then loaded 
into the MCU device for execution. During program development, the MPLAB Simulator 
allows you to test and debug your programs in software before they are compiled and 
loaded into the MCU. 


Development Tool Updating 


Installations 
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The development tools are constantly being upgraded and improved at a very rapid 
rate. The latest program updates are usually available from Internet-based resources for 
download into your computer, MPLAB IDF is no exception. Though the updates make 
jt easy to keep the software as up to date as technology allows, these timely updates 
become problematic when the software is used as the basis of instructional material as 
in this text. It is impractical to be able to keep pace with the rapid software updates in 
printed material. Consequently, this text is based on a snapshot of the software and device 
documentation at the time the text was written. The version of the PLAS IDE used to 
generate the programs and graphie illustrations in this text is Version 8.10 and this version 
is included on the CD-ROM that accompanies this text. There is also a copy of MPLAB 
IDE on the CD-ROM that is included with the PICKit™ 2 Development Programmer that 
you probably have purchased for use with this text. That software version is undoubtedly 
the most current version when the hardware was packaged. These software upgrades are 
generally downwardly compatible so if you use a version of MPLAB [DE that is more 
recent than the Version 8.10 used in this text, in all likelthood there will be no problems. 
Likewise if you use development hardware other than the PICKit 2, for instance 
PICKit™ 1, PICKit™ 3, or PICSTART®, only very minor modifications in the MPLAB 
IDE setup will be required. You are encouraged to use the MPLAB [DE Version 8.10 
that 1s included on the CD-ROM while you are going through this text, then go to the 
Microchip Web site and download the most recent version of the software as you contmue 
your tenure working with Microchip PIC MCUs. 


With this caveat in mind, install the MPLAB IDE Version 8.10 on your computer 
from the MPLAB Software/Software directory on the CD-ROM. You start the 
installation by double-clicking the /nsrali_MfPLAB_v8&/0 icon. Follow the standard 
installation prompts. During the installation, accept the default directories recommended. 
Using the default directories will allow you to locate specific files needed later when the 


Launch 


programming projects are set up (in particular, you will need to locate the 
p1l6f676.inc file). 

Install a PICL6F676 device in the PICKit 2 board making sure that 
you have the notch that denotes the top of the device aligned with the 
notch in the IC socket of the board. Also, you will be using the upper 
14-pins of the socket for the PIC] 6F676, the bottom 4 pins are used 
with larger devices. Plug the connecting USB cable into your computer 
and let the computer install the appropriate drivers. You may have to 
insert the CD-ROM for the PICKit 2 board in the drive and navigate to 
the appropriate directories to install the drivers. The documentation that 
came with the PICKit 2 board will provide guidance on installing the 
drivers if there is trouble. 


After you have connected the PICKit 2 hardware, installed the proper 
USB driver, and completed the program tnstallation for MPLAB IDE — 
launch MPLAB IDE. Have the program running during the following 
brief overview of the program’s operation. 


Overview of MPLAB-IDE Operation 
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‘You will notice that the MPLAB IDE has the classic look of 
a Windows® application with a menu bar that includes iconic 
representations of program features. If you move the mouse pointer and 
dwell over an icon, there will be a hint displayed for that icon. Clicking 
on the icon will launch the selected action. You can also accomplish the 
same thing by using the drop down menu options. 


Common Operating Icons 
Move the mouse pointer over the icon that is 

depicted in Figure 3-1. This is the OPEN PROJECT 

icon. A project is an umbrella file that contains the 

references to all the individual files that collectively 
are used to busid a compiled 

. == = program that is eventually 

Se “loaded into the MCU device. 
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. # The proyect also includes the 

. simulator and debug windows 
that you set up and use during 
program development. You 
will be asked to use this icon 
in future chapters to load 
‘projects into AZPLAB IDE for 
study. 

Now click on the OPEN 
PROJECT icon and navigate 
to the Program Files/Ch 3 
Program/First Program on 
the CD-ROM. Click on View/ 
at Ew Project in the menu bar. This 
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Figure 3.2 — First Program Project File Contents Display. will display the file contents of 
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Figure 3.3 - 
BUILD ALL 
Icon. 


Figure 3.4 — RUN Icon. 


the project (Figure 3-2). You will see the .asm file which contains the program code and 
the Jac file which contains defines and constants that are particular to the device you are 
working with. In addition, loading this project will generate some additional icons in the 
menu bar. 

Move the mouse pointer over the icon that is depicted in Figure 3-3. This is the 
BUILD ALL icon. Clicking on this icon will cause MPLAB (DE to use the MPASM 
Assembler to compile to program and create a machine language version of the program 
ready for download in the PICLGF676. The program should compile without error, if 
there were errors; those errors will be listed in a dialog window. 

Move the mouse pointer over the icon that is depicted in Figure 3-4. 
This is the RUN icon. Clicking on this icon will cause MPLAB IDE to use the 
MPLAB SIM Simulator to run the program code in software. You would use 
this icon along with breakpoints and Watch windows to analyze and debug 
your program’s performance. 

Move the mouse pointer over the icon that is depicted in Figure 3-5. 
This is the ANIMATE icon and is similar in function to the RUN button. The 
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Figure 3.6 — RESET Icon. 


Figure 3.7 - OPEN 
FILE Icon. 
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ANIMATE function will step through the program execution pausing on each 
instruction for a spectfied time period allowing you to follow along as the 
program is being executed step-by-step. 

Move the mouse pointer over the icon that is depicted in Figure 3-6. 


Figure 3.5 — ANIMATE Icon. This is the RESET icon. While running the program under the Simulator, the 


program can be reset to the beginning instruction of the program code by 
clicking on this icon. 

Move the mouse pointer over the icon that is depicted 
in Figure 3-7. This ts the OPEN FILE icon and allows you 
to open a file. This icon is used primarily for accessing 
other program files that contain code that you want to cut 
and paste into the current program file, similar to what you 
do in standard word processing. 

Move the mouse pointer over the icon that is depicted in Figure 3-8. This is the 
SAVE WORKSPACE icon and allows you to save the current configuration of the project 
that you are working with, including Waich windows. You will be prompted if you would 
like to save the workspace when you attempt to close the project even if you had used this 
icon. 

Move the mouse pointer over the icon that is depicted in Figure 3-9. This is the NEW 
PROJECT WIZARD icon and the wizard will lead you through the steps needed to initiate 
the development of a new programming project. 

The following icons allow you to access the memory of the device that 
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1s plugged into the PICKit 2 IC socket. Move the mouse pointer over the 
icon that is depicted in Figure 3-10. This is the READ TARGET DEVICE 
MEMORIES icon. Click this icon and the program contents in hexadecimal 
notation will be listed in a window. To view the Program Memory window, 


Figure 3.8 — SAVE WORKSPACE click on View/Program Memory in the menu bar and scroll dewn to the 
Icon. 


end of the program. Right now this program listing will be meaningless, but 
there is one important memory location that | want you to view. Each MCU 
device is tested in the factory before it is released for purchase. One of the 


tests is to calibrate the internal oscillator circuit. The calibration value is 
then stored in the last memory location of the device memory for later use in 


Nev: Project he your program to calibrate the internal oscillator. In this case, the calibration 
Figure 3.9 ~ NEW PROJECT value is Ox2c (Figure 3-11). The PIC MCU programming purist wil] record 
WIZARD icon. this value on the case of the MCU in the event the value is lost through 
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Figure 3.10 — READ TARGET 
DEVICE MEMORIES Icon. 


reprogramming or erasing the device (more on that later). 1 am pointing out 
this feature of the MPLAB IDE so that in the future, if you have a device that 
suddenly stops working, you can check this memory location to see if the 
oscillator calibration value has inadvertently been corrupted. In this case the 
memory location would probably contain the value of Ox00h. If this were to 
happen, the device is still partially usable, the mternal oscillator will operate, 
however it would not be caitbrated. If the device had been erased, 
the calibration value would also have been erased and you would see 
the value of 0x00 as shown in Figure 3-12. 


DO NOT CLICK THE MOUSE BUTTON IN THIS NEXT 


DEMONSTATION. In fact, just to be sure that nothing happens 
inadvertently, remove the PICL6F676 device from the PICKit 2 IC 
socket. Move the mouse pointer over the tcon that is depicted in Figure 
3-13. This is the ERASE THE TARGET DEVICE MEMORIES icon. 
There is no real reason for you to ever use this icon. The device program 


wi 


memory 1s over-written when a new program is loaded into the device. 
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As mentioned above, the internal oscillator calibration value is erased 
when the device is erased which would limit the utility of the device. 
There are other means to protect your code other than erasing the 
program memory. 
Reinstall the PIC16F676 device in the PICKit 2 IC socket. 
= «© Move the mouse pointer over the icon that is depicted in Fig- 
1 wre 3-14. This is the PROGRAM THE TARGET DEVICE icon. You 


Figure 3.13 — ERASE THE TARGET DEVICE will use this icon to send the compiled program code to the MCU 


MEMORIES Icon. 
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Program the target device 


Figure 3.14 — PROGRAM THE 
TARGET DEVICE Icon. 


device memory. First click on the BUILD icon to assemble the First 
Program code and then click on the PROGRAM icon to load the program into 
the MCU. The device is now teady for installation into the circuit. But before 
you do that, let’s take a look at one more icon. 

Move the mouse pointer over the icon that is depicted in Figure 3-15. 
This is the VERIFY THE CONTENTS OF THE TARGET DEVICE icon. When 
you program a device, MPLAB IDE automatically will compare the contents 
of the device memory with the assembled programmed code to verify that the 

programming operation was successful. You can manually compare 


and verify the device memory to the loaded programmed code by 
the use of the VERIFY icon. 


Build and Load Program 


Figure 3.15 ~ VERIFY THE CONTENTS OF Go ahead now and build the program and load it into the MCU. This 


THE TARGET DEVICE Icon. 


completes the overview of the MPLAB IDE software and the common 


operating icons. You also have loaded the first example program code, the First Program 
project, compiled the program, and loaded the program into the PICI6F676. Before you can 
use the device in circuit. you will have to build the circuit. The following presentation will 
instruct you how to populate the prototyping board with the common circuits used throughout 
the text exercises to power the board and installed devices, as well as building the circuit 
required for the First Program. 


Board Setup Outline 


Hardware setup. The following board setup outline assumes that you will be using 
the kit of parts that accompanies the ARRL’s PIC® Programming for Beginners book. 
There is nothing specia] about the components nor is there anything critical about 


Software and Hardware Setup 3-5 


ARRLOSO1 


Figure 3.16 — Basic Board Setup. 


the board layout. This should be 
considered only a guide and 1s 
offered to provide some continuity 
between the illustrations that you 
will see in the book and the board 
layout that you will build as you 
proceed through the construction 
exercises in the book. As you go 
through the following steps to set up 
your prototyping board, you should 
refer to the schematic as well as the 
pictorial illustrations. 

The basic board setup includes 
installing power bus jumpers, a voltage 
regulator and filter capacitor, a power 
switch, 9-volt battery holder, and 
power connections for the MCU. 
= The schematic for the basic setup 
is illustrated in Figure 3.16. Com- 
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Figure 3.17 —-Two Power Bus Jumpers Installed on the Bottom of 


the Board. 


Output 


Bottom 
View 


Ground 


Figure 3.18 — Pin-out Diagram 
for the 7805 Voltage Regulator. 
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ae 
Figure 3.19 — Regulator 
Installed in the Board 


with the Input Pin in an 
Adjacent Hole as Shown. 
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Figure 3.20 — .Q7 uF 
(104) Capacitor installed 
Adjacent to the Regulator. 
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ponents will be added to this basic 
circuit throughout the exercises in the 
book. 

install two power bus jumpers on the bottom of the board as illustrated in 
Figure 3-17, You may elect to shorten and trim the jurnpers to make a clean, 
tight fit. Color coding is not ¢ritical but it will be helpful when tracking the 
wiring later. The vertical red bus coluron will be +5-volts, the vertical blue bus 
column will be ground. 

Review the pin-out diagram for the 7805 voltage regulator in Fig- 
ure 3-18, The orientation of the drawing is from the bottom side (lead side) of 
the component. Bend the input lead of the regulator at a sharp angle close to 
the bottom of the case, then form a 90 degree bend in the input Jead to match 
the holes where the regulator will be installed in the board (see Fig- 
ure 3-19). Trim the output and the ground pins of the regulator to approximately 
“2: inch from the component body. Install the regulator with the output pin im the 
+5-¥V bus, the ground pin in the ground bus, and the input pin in an adjacent hole as 
shown in Figure 3-19. 

Trim the leads of the .0! uF (104) capacitor to approximately * inch. Insert the 
capacitor across the +5-¥V and ground bus pins adjacent to the regulator as shown in 
Figure 3-20. 

Install the SPDT slide switch so that the center pin is in the same horizontal 
row of pins where the regulator input pin ts connected. Install a jumper from the 
top pin of the slide switch to a hole on the other side of the board as illustrated in 
Figure 3-21. When the slide of the switch is positioned up, the power will be turned on. 

Install the battery holder. Notice that the pins of the holder are labeled + (plus) 
and — (minus). When you install the battery holder, ensure that the — pin is inserted 
in the ground bus hole and the + pin is inserted into a hole that is adjacent to the 
connecting wire going to the power switch. If you inadvertently install the holder with 
the — pin in the +5-volt bus line, you will create a short circuit and could damage the 
voltage regulator (Figure 3-22). 

This is a good time to check your wiring by installing a battery in the holder, 
connecting a volt meter to any conventently exposed jumper wire connected to the 
+5-¥V and ground buses, turn on the power switch, and check for 5-V. 


The final step is to install a jumper between the 
5-¥ bus and pin J of the IC socket and a jumper 
— wire between the ground bus and pin 14 of the IC 

> as illustrated in Figure 3-23. In this illustration 

you will see the use of the optional ZIF socket. 
Position the location of the MCU so that you can 
easily remove and install the IC on the board during 
program development but also consider giving 
yourself plenty of board room for developing other 
circuits. 


| 


Figure 3.21 — SPDT Slide Switch Installed so that Center 
Pin is in Same Row as Regulator Input Pin. 


First Program Components 


This completes the construction of the basic 
board. Continue to populate the board with the 
components required for the First Program. 

The schematic for the First Pregram circuit is 
j : depicted in Figure 3-24 and includes an LED with 
ets vs 5 | [=> current limiting resistor connected to pin 5 of the 
Figure 3.22 — Instalied Battery Holder. PIC] 6F676 and the three conductor cable that 
connects the LCD unit to 5-V, ground, and pin 2 of 
the MCU. 
| The Firs? Program code initializes the LCD display and then displays a 
welcome message. The LED will flash at | second intervals while the device is 
powered, Install the programmed PIC16F676 in the circuit and apply power. If all 
goes well, you will have experienced your first MCU programming success. If not, 
first confirm your circuit wiring and then reprogram the MCU. 
After you are satisfied that your MPLAB IDE software is installed correctly, 
| that the PICKit 2 programmer is integrated to your computer USB port, and your 
prototype board wiring is correct, you can disconnect everything and remove 

the LCD related cable connections and the LED related components from the 

prototyping board. Leave the basic board circuit in place for later exercises. 


Summary 


The MPLAB IDE is the umbrella program that allows you to develop and 
test your program code and to load the compiled code into the MCU memory. 
The PICKit 2 Development Programmer is the hardware that you will use in 
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Figure 3.23 — Jumper Installed 
Between 5-V Bus and Pin 1 of 
the IC Socket. Figure 3.24 — First Program Circuit Schematic. 
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conjunction with MPLAB IDE to load the programs into the microcontrollers. During this 
chapter you have installed the software, populated the prototyping board with the basic 
power circuitry, and loaded your first program application to test the system. 


Review Questions 


3.1 What icon and MPLAB [DE operation must you use with caution, or not at 
all as recommended by the author? 


3.2 If an MCU device suddenly stops working when developing your code and 
reloading the adjusted code in the device, what can you check in the device 


memory to try to troubleshoot the problem? 


3.3 What ts the Web URL that you can visit to find the latest version and/or 
check for recent updates of MPLAB IDE? 


3-8 Chapter 3 


Program 
Architechture 


Objective: To model the basic program architecture that is used in the program examples and exercises 
of this text. The program architecture serves as an outline to organize the various components of a 
typical MCU program. 

Reading: PIC/6F630/676 Data Sheet, pages 56-58. 


Basic Program Architecture or Outline 


Keeping your programs organized will help you to keep track of what you are trying 
te accomplish with your program, help other users of your program to follow your logic 
when developing the program, and finally help you follow your own logic when you revisit 
the program to make adjustments and improvements at some later date. The basic program 
architecture or outline presented in this chapter is the architecture used for writing the programs 
in this text. This architecture should be considered just one example of how a program can 
be organized. After you become more proficient in MCU programming, you may develop an 
alternative architecture that makes more sense to you, or you may elect to copy the architecture 
of other programmers. In any case, try to use the architecture illustrated here while you are 
learning MCU programming. 


Qutline Architecture 
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Chapter 4 


There are a few programming lines included in this outline architecture and a few 
programming techniques presented. Do not get concemed if it all appears confusing because 
these techniques and programming instructions will be covered in detail in later chapters and 
are used here only to illustrate the kind of information that is included within each section of the 
program architecture. 

For instance, in the architecture outline, you will see lines beginning with the semi-colon 
(;). The lines that begin with the ; are comment lines that are disregarded by the complier when 
it is translating your assembly code into machine language that is sent to the MCU"s memory. 
The comment lines are ways to document what is gotng on in the code and are a way for you to 
communicate to yourself and other users of your program. In the programming examples of this 
text, I have tried to “over” comment, to state with comments even the most obvious about the 
code segment. I do this for instructional purposes. Commenting is an art and it will take time for 
you to develop your own style of commenting. But I urge you to comment your code right from 
the very beginning of your programming career so that you develop a habit pattern that will save 
you time and frustration in the future (guaranteed!). This was a hard lesson [ learned. 

The program outline used in this text includes: 

1. Program summary description: information about the author, and other summary 
information that would be important to the application and use of the program. 

2. Directives: tell the compiler the MCU device that is being used and any additional 
program files that will be used by the program. This section also includes directives that the 
assembler uses to configure the basic control functions of the MCU. 

3. Defines: are simply constant and memory location labels that help make the code more 
readable and easier to adjust. 

4. Variable labels: are mnemonic symbols that represent the memory locations that are 
reserved for the storage of variables in the General Purpose Registers section of RAM used 
during tbe program execution. Variable labels are assigned and associated to specific memory 
locations in this section. 

5. Reset Vector: is the starting point of the program, On initial power-up or when the device 
is reset, the program is initiated at memory location 0x00. This section includes a simple call 
instruction to branch or jump to the memory location where the real prograrn begins. 

6. Interrupt Vector: like the reset vector, this is where the program will jump to 
upon an interrupt from one of the device resources {more on interrupts later). This section 
includes a call instruction to the location where your program will service the interrupt 


or can contain the interrupt the service routine itself. 

7. Initialization: is the programa segment where you will set up the device resources, 

8. Main: is where the main part of your program is located. Generally the initialization 
segment will only be run one time when the device is first powered up, however, the main part of 
the program may be looped through many, many times during the program execution. 

9. Sub-routines: tacluding the interrupt service routine and other sub-routines, are located at 
the end of the code. These routines are small program segments that are used multiple times during 
the main program execution and are called when needed from the main program. The use of sub- 
routines reduces the memory occupied by the program and simplifies the overall program. 

This is what the program architecture will look like in the assembler window (the .asm) of 
MPLAB IDE. More detailed descriptions of the content of each segment are included here, using 
the semi-colon {;) to indicate comment lines just as would be used in an actual program. To help 
indicate the breaks between sections of the prograni, lines of asterisks (*) help to visually draw 
the distinction between sections. Once you have studied this outline, you will be familiar with 
the architecture and contents of each segment of the program when it comes Hime to study the 
programming examples in later chapters. 
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‘This section of the program file is where you will provide the program sununary. Information located here 


smight include the purpose of the program, any special considerations about compiling and using the 
;program, the author’s name and contact information, the program revision number and date, and other 
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:This is where you would provide assembler directives to indicate the type of processor that this program is 
sdesigned for and other files that contain information relevant to the processor and the program. In this 
;example (and what you will be using in each exercise program for this text) the first line defines the 

sMCU device as the PIC16F676 and identifies the file p16f676.inc as being associated with the program. 
‘The . ine file ts an /iclude file that contains labels associated with register memory locations, constants 
sassociated with specific bits within the registers, and other pertinent information about a specific MCU. 
:There is an . ine file for each MCU, unique to the MCU. The Include files allow you to author your code 
jusing labels that mirror the documentation for the MCU, making your code more readable and adaptable 
;for other users. 
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list p=16F676 ;list directive to define processor 
#include <pl6f676.inc>  ;processor specific variable definitions 
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This section of the code is where you would provide directives to configure the basic control functions of 
sthe device. The association of the labels to the specific bit configuration is included in the MCU .ine file 
sand they are designed to be descriptive of the specific function. For instance in the example below, the 
(WDT_OFF bit would disable the watch dog timer. To do this, the WDTE, watch dog timer enable bit 

:(BIT 3) within the CONFIG register, would be CLEARED. If you were to look through the p16f676. inc 
:file using WINDOWS NOTEPAD, you would find that WDT_OFF equates to 0x00. Each bit label is 
:separated by the *&* symbol. The accumulation of bits is then stored in the CONFIG register which is 
slocated beyond the user program memory space within the device. 
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__CONFIG CP_OPF & _WDT OFF & BODEN & PWRTE_ON & _INTRC_OSC_NOCLKOUT & MCLRE OFF & _CPD_OFF 
; ‘CONFIG’ directive is used to embed configuration word within .asm file. 

; The labels following the directive are located in the respective .inc file. 

; See data sheet for additional information on configuration word settings. 
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Defines are labels that are used throughout the program to identify specific memory locations 

;or to identify constant values. These defines are useful when making program changes particularly 
;ifa memory focation or constant value is used frequently in the program. Instead of having to 

;20 through all the code looking for each and every place the memory location or constant is 

sused and making the change in the code, the user can simply change the value of the define located 
in this block of the core and Hae) Ls ees 2 the values ier ae Me 


#define Banko ox00 
#define Bank oxs80 
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This i is where you will reserve eae memory locations for storage of variables used in the program and 

sassociate them with a descriptive label. In the PIC16F676, the location of the 64 bytes of the General 

;Purpose Registers (GPR) is between 0x20 and 0x5£ in Bank 0. In the example below, the variable space 

sis reserved beginning at the first memory location 0x20 and assigned the label test_byte. Using the cblock 

‘directive as illustrated here will result in the declarations being established in this block of GPR. In other 

sMCUs, there are additional segments of GPRs, for instance in Bank 1, 2 or 3, if there ts more memory 


;on board the device. In the case of the PIC] 6F676, oe is Beh GPR Spats in Ea Q. 


dk ve ok oe oe ts ok oe ok kK ek 


ois oe oi See ak oe ck ook eh 
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cbhlock 0x20 
test byte ;used has workspace for pin change interrupt 
tminute_up jused in minute segment routines 
transmit_on jused as transmit on Flag 
count down jused to track minute segment (1 through 5) 
message counter ;used in message loops 
endc 
o Me ee oe oe aoe See ae oe ae che ah aioe ob ok oak eo eck ok oko eke Sco ES a OK oo siege Se seo shea cfc oie ahs oe ok eke oh ok cea ook oe oh 


? 


‘The Reser Vector is at the very beginning of the program and includes essentially a j ump-to statement that 
stells the PC (the program counter) where the actual program begins. On initial power-up or reset of the 
*MCU, the program counter is cleared (set to zero) and the program begins at the beginning, memory 
location 0x00. Therefore, the first line of code in your program needs to be a jump-to, or go-to instruction 
(goto) to where the actual beginning of the program is located. This is required because another vector, 
sthe interrupt vector, is located at memory location 0x04, just 4 bytes of memory away. The interrupt 
;vector is where a jump-to will result in the event of a purposeful interrupt of your program in response to 
;some defined input. Because there are only 4 bytes of memory between the reset vector and the interrupt 
;vector (hardly any room for an actual program), the first line of the program needs to be a goto instruction 
;to jump to where there is sufficient room to hold the main program. Likewise, for readability and 
:efficiency, you will see a goto-like jump-to instruction (cal1) in the next section of cade. In this code 
example, the program calls, or goes to a segment of code called Init. The ORG 0x0C0 stores this goto 
;statement in memory location zero (0x00), 


feof oe ae oe tro a ae oe ofc fe a oe eae ae ake tea alae ae afisk a 
; 
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ORG oxa00 ;processor reset vector 
nop ;required by in circuit debugger 
goto Init ;qgo to beginning of program 


= SEES Me ae fe ae aC eof oft as fe 2fe ae we ele af ie as aft fe 3 fs he fe akc ahe ofc ae fe ae AR a afk fe he sft obs of ake at sis fe ae aft oft ole eke ok fe ne oft fc be ac ob of of He ee 2 oe af ae abe oe fe ne 2 ae he a ae oft a a ok oie a afc ops ea afc ak a ak 2h sg a ae a Oe ko eo ae 
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‘The Jrferrupt Vector is where you tell the program the location of the section of code that is used to 
;service an interrupt. You can configure a number of the resources on the PICI6F676 to trigger a program 
;interrupt under specified conditions. For instance, you might configure the comparator to trigger an 
sinterrupt of the main program when one input voltage is greater than a second input voltage. When this 
;condition is reached, the program counter goes to memory location Ox04 and the program resumes from 
sthere. The calf instruction located at memory location 0x04 will cause the program to jump-to a 
subroutine program to service the interrupt! and then when that section of the code is completed, the main 
sprogram will resume at the point where it was interrupted. The ORG 9x004 stores this call instruction in 
smemory [ocation 6x04. Alternatively, you can enter your interrupt service code beginning at 0x04 instead 
:of using the call opcode. This however puts your main code further down the editor page and may 

;make your code more difficult to interpret. 


aprb a oh 


sabes 
3 


ORG 0x004 
call interrupt_service 
return jinterrupt trap - returns without re-enabling interrupts 


vaca ak 
;Up to this point in the program architecture, the sections illustrated are pretty much universally accepted. 
The /nitialization segment is a technique used in this text. In this section of the code, instnuctrons are 

sused to configure the registers and/or bits within specific memory locations, that control the resources of 

ithe device. Generally. you will configure the resources of the device one time tn total, and then depending 

;on the circumstances, make changes to the configuration as needed in the main body of the code. The 
Initialization section of the code is run only once during the program execution, which differentiates this 
;segment of the code from the Main body of the code to be discussed later. The word “Init”, located against 
ithe left margin of the editor screen and at the beginning of a code segment, is a label that identifies the 
segment of the code. The label is used by other instructions within the program to identify this segment of 
;code. For instance, in the Resef Vector section above, the instruction goto Init uses the label Init to 
jidentify the beginning of the code segment where you want the program counter to go to upon device ~ 
(power-up or resef to initialize the device resources. This code segment 1s a partial exaruple of the code 
initialization will be covered extensively later in the text. 


Init 
BANKSEL Banki ;Switching to Bank 1 
call Ox3FF jretrieve factory calibration value 
movwt OSCCAL 
BANKSEL Banko ;Switching to Banko 
clrft PORTA jclear port bus 
clrf PORTC 
movlw b’90000111° ;comparator disconnected, low power state 
movwe CMCON 
moviw b’119000000' iglobals enabled, peripherals enabled, TMRO disabled 
movwt INTCON 
movilw b‘ 10010001’ ;right justified, Vdd ref RCO has ADC, ADC Stop, ADC 
;furned on 
movwt ADCONO 
moviw bi doo110001' ;TMR1 prescale 1:8, internal clock, TMR1 ON movwe 
T1CON 
BANKSEL Bankl ;Sswitching to BANK1 
moviw brococoonl’ ;TMRO set-up: pull-ups enabled, X, internal clk, X, 


jpre-scale tmr0, pre-scale 1:2 


EPELESESPS HELE SRR 


SLRS LER SREES ESSE RS 
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:The rubber meets the road in this section of the program. the Main Programm. This is the segment of the 
;code that is executed after the MCU resources have been initialized. and this section of the code could be 
;repeated over and over again, as in an infinite loop, or could be an umbrella segment of code that calls 
;other segments of code called subroutines, much like a dispatcher will call on specialists to accomplish 
stasks that make up the steps of an overall project. The label for this segment of code is generally main, 


sbut that depends on the program author. The following is an example of a portion of a main program. 
aps ofs as ahs fs ahs of ops a OB Me fs fs afs feos ok a oe fe oft eae ft oe os a oft 2g Ye Ig] oe ae Shc sof as Oe fs SK 9 2K SB a es 


w feof soe cof of oe ae aoe ele coe ae oe ocak oe okaf oe ease fe abe okt ok ok 
; 


main 
goto turned on 
qoro main 
turned on 
bsE£ transmit_on,0 ;set transmit on flag 
moviw time tweek ;adjust this value to tweek the 1 minute timér 
movwEt tmr] count 
elrf minute up ;clear minute _up flag 
bsf T1LCON, TMR1ON ;turn on tmrl 
;the code continues beyond here 
» oa bee ea eae at eo fe sen ae aaa a iso 


Subroutines are smaller segments of code (but in reality a subroutine could be much, much larger and 
smore complex than the main part of the program) that accomplish specific tasks related to the overall 
;project or goal of the program. We have previously discussed the interrupt service routine which is a 
sunique subroutine that determines the source of the interrupt and reacts accordingly, Other subroutines 
smight be timing delays of specified lengths, math routines to do spectfic number manipulations, or routines 
;to manipulate and control visual effects like seven-segment LEDs to display numbers or LCD displays to 
‘display text. The judicious use of subroutines can make your code use memory more efficiently, run more 
efficiently (in less time) or could serve as a library resource that is used in other program applications 
without major re-writing of code (as 1s the case with the delay subroutines used in the examples in this 
text. you will see the same delay subroutines in many of the programs in this book). Subroutines are 
;defined by a unique label that is used to call the routine, and the instruction return that causes a jump back 
;to the location in the calling program where the subroutiae was invoked. The following code includes 
some examples of subroutines. 
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;Interrupt Service Routine 
interrupt service 


bet INTCON, GIE jdisable global interrupts 
btfse INTCON,GPIF jcheck 1£ interrupt came from port change, skip if no 
goto port change_interrupt 
btfse PIRI, TYRLIF jcheck if interrupt came from tmri, skip if no 
call tmrl_interxupt 
btisc INTCON, TOIF ;Check if interrupt came from tmrQ, skip if no 
call tmrO interrupt 
bsf INTCON, GIE ;enable global interrupts 
return jreturn from interrupt service routine 
?Delay Routines 
delay200ms jthis will produce a delay of 200mS 
mov lw 200 
movi £ tempa 
dly200ms 
call delayims 
decfsz tempa,F 
goto dly200ms 
movlw .64 
movwet count 
tweek200ms 
decfsz count,F 
gote tweek200ms 
retiw 0) 
return jreturn From délay200ms subroutine 


ae fs of ot fe oe aft as fs oye nfs oe ie eft oie ale fe ae abe ope fe as afc a a ae abe ae 2c abe ope feof alt ak ago oie ok oe 


fe sede of fe of fof ea ake ae ae oe oe ae teak eke 


:Finally, the following segment identifies the end of the program, You can use the memory locations after 
sthe END statement to store tables of data or text that 1s used by program segments as needed. 
END 


ope 


ean hak eae 


Summary 


You should get in the habit of using a program organization that is sumilar to the example 
given in this chapter. Keeping your programs organized will go a long way in making your 
programs easier to develop and refine as well as making them more user friendly. Go over the 
main sections of the program again so that you reinforce the organization in your mind and also 
to prepare to answer the review questions that follow. 
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Review Questions 
4.1 In which section of the program will you identify the type of device for which the program is 
intended? 


4.2 In which section of the code will you identify additional files that contain information that is 
needed to complete the program? 


4.3 Why do you not write the main body of the program in the reset section of the program since 
that is where the program counter will be starting from upon initial power-up or reset of the 
device? 


4.4 What is the main difference between the code segment in the initialize section and the main 
section of the code? 


4.5 List two purposes for writing code m subroutines as opposed to writing the same code in the 
Main program? 
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Program 
Development — 
Starting Wizard 
and Using a | 
Program Template 


Objective: To illustrate how to use the MPLAB IDE New Project Wizard to begin program development. In this 
chapter you wil] be taken step-by-step through the process of writing an MCU program using a template. The 
template is a shell of a program that you can use as a Starting point for future programs by making adjustments 
and additions to the template. Once you have the template set up for use, you will build the program into a 
machine language program, send it to the MCU, and then use the programmed MCU to toggle two LEDs 
connected to the MCU, your first real programming experience. 

Reading: PIC16F 630/676 Data Sheet, page 55 

Progran: Program Files/Ch 5 Pregram/TEMPLATE FOR 16F676 


The MPLAB IDE New Project Wizard — Introduction 


The MPLAB IDE program has a very useful function that will take you through the steps 
required to begin developing a program. You will be taken through the process with step-by- 
step instructions illustrated by computer screen shots of each step. Your computer screens may 
vary slightly from the illustration because each computer directory is unique and you may have 
your computer’s operating system set up differently from my computer preferences, so do not be 
distracted by these differences. 

The following steps assume that you have installed the MPLAB [DE program using 
the default installation. It is highly recommended that in the beginning you set up some file 
directories as suggested below so that the step-by-step instructions and illustrations match your 
live experience as much as possible. As you gain experience with the functions of MPLAB [DE 
and where required files are created during the program development process, you may elect to 
use a different file organization plan. 


Using the MPLAB IDE New Project Wizard 


Step 1. Using your WINDOWS Explorer application, create a directory on your C-drive 
named PIC Programming and create a sub directory within that directory named Ch5 
(Figure 5-1). Make a mental note of these directories because these will be the working 
directories where the files associated with your program will be located. 

Figure 5-1 — New Step 2. Launch MPLAB IDE and you will see the application’s window as illustrated in 

Directory Setup Figure 5-2. Note at the top menu bar of your computer screen a green file folder with a yellow 
sun-ourst in the comer. If you move your mouse pointer over this icon and hesitate you will see 
the name of this icon popup as NEW PROJECT. This ts the new project wizard function that will 
walk you through the process of creating a new program. 

Step 3. Click on the NEW PROJECT icon and a file management dialog box will popup 
and ask for a file name for the project that is going to be developed and the location within 
your computer’s file directory where the working files will be stored (Figure 5-3). A project is 
a collection of files associated with a program that you are going to develop. As a technique, 
try [0 use descriptive project and file names to make it easier to Jocate these files in the future. 
Enter a project name “Program Template” and browse your directory until you locate the PIG 
Programming/Ch 5 file folder you created in Step 1. 

Step 4. The next few steps do not have to be done in a specific order, but for now, follow the 
order presented here. In this step you will be telling MPLAB IDE the type of MCU programmer 
that you will be using to ultimately program the device. You are using the P/CKit 2 programmer. 
On the menu bar: click on PROGRAMMER /SELECT-PROGRAMMER/PICKIT 2 (Figure 5-4). 
Do not be concemed if you get an error message dialog box upon selecting PICKIT 2. Once 
you make this selection, MPLAB IDE will try to connect to the selected programmer, and if you 
do not have the programmer connected to the USB port of your computer, the error message 
wilt result (Figure 5-5). You can develop and test programs without the programmer attached 
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to the computer. Connecting 
to the programmer will be 
demonstrated later. 

Step 5. Click on the menu 
bar: CONFIGURE/SELECT 
DEVICE (Figure 5-6) and a 
listing of all the MCU devices 
supported by MPLAB IDE and 
the PICKit 2 programmer will 
be listed in the pull-down box. 
Scroll down the list until you 
find PIC16F676 and highlight 
that device (Figure 5-7). Click 
on OK. 

Step 6. Return to the menu 
bar and click: CONFIGURE/ 
CONFIGURATION BITS 
(Figure 5-8). The selection 
screen that allows you to 
configure selected set-up bits 
for the MCU is displayed 
(Figure 5-9}. Just make sure 
that the check box labeled 
“CONFIGURATION BITS SET IN CODE” is checked. Remember in the last chapter one of the 
sections of the program architecture was the configuration section? This is the section where the 
_CONFIG directive and the associated specific bit selection labels were used to SET or CLEAR 
the individual configuration bits. By checking the box on this screen, you are telling MPLAB 
[DE to use the configuration as detailed in this section of the program code instead of using the 
manual bit configuration selection shown on the screen. If in the future you want to manually 
select the configuration bits, 
simpiy make sure the check box 
is cleared and use the individual 
drop down options for each 
configuration bit to select the 
appropriate bit status for the 
device. 

Step 7. In the next two 
steps you will be adding a 
couple of files that will be used 
by the MPLAB IDE to generate 
the program. ‘The first file to 
be added is the Include file that 
contains the standardized labels 
associated with the specific 
device being programmed that 
will help make your code more 
readable to yourself and others. 
(This file was mentioned in the 
previous chapter.) Each MCU 


Figiire 5-2 — Icon for the NEW PROJECT wizard function that walks you saRdiah 
the process of creating a new program. 


oe ee = hae: 


aa 2)Di ire ninbameet| Yr j oat Saas device has a specific Include 
Figure 5-3 — NEW PROJECT File Management Dialog Box file that is installed on your 
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computer when you install 
MPLAB IDE; in the case of the 
PIC 1 6F676, this file is named 
p161676.inc. To add this file 
click on PROJECT/ADD FILES 
TO PROJECT on the menu bar 
(Figure 5-10). The file selection 
dialog box will pop up (Figure 
§-11). Click on the “HEADER 
FILES.inc”™ line in the Jump To 
selection box. Now navigate to 
where the canned . inc files are 
located in your file directory. If 
you did the default installation 
of MPLAB IDE these files will 
be located in: C:\Program 
Files\Microchip\MPASM Suite. 
Once in this directory, scroll 
through the list of .inc files 
until you find PI6GF676 and 
select this file. 
Step 8. You will next 
add the template file that is 
included on the CD ROM that accompanies this text. This template file is where the actual code 
of your program will be written. Insert the CD into the drive. Navigate through the directory of 
this CD to the file folder labeled Program Files/Ch 5 Program. Within that folder you will 
find a file named TEMPLATE FOR THE P16F676.ASM File. Copy this file and place the copy 
of the file into the project working directory on your C drive that you created in Step 1 (CA 
PIC Programming\Ch 5). If 
a _ _ you would like, now is the 
tone eS =< Er time to rename this file to a 
(SSCA?! loan Jn se eo Gag | Ves Loe ro 
more descriptive name. You 
may want to do this in future 
programs that you develop 
using this template. In this 
exercise the file name Template 
[6F676 is appropriate. Once 
the template file ts installed in 
the project working directory, 
add this file to the project 
by clicking on PROJECT/ 
ADD FILES TO PROJECT 
on the menu bar (Figure 
5-12). Navigate to the PIC 
Programming/Ch 5 directory 
and select the TEMPLATE FOR 
THE P16F676.A5M file. 
Step 9. Click on VIEW/ 
PROJECT on the menu bar 


Figure 5-5 — This error message will appear when you do not have the (Pigare 2-13) This will allow 
programmer connected. De not be concerned. you to see the files associated 
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Figure 5-4 — Click on PROGRAMMER/SELECT-PROGRAMMER/PICKIT 2. 
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Figure 5-6 — Click on CONFIGURE/SELECT DEVICE. 


with the project. You will see 
the directory for the project 
listed with the .asm file in the 
Source Files folder and the 
ine file in the Header Files 
folder. If you double click on 
the TEMPLATE FOR THE 
P16F676.ASM file, the program 
working window will open 

and you can view and make 
changes to the program file 
(Wigure 5-14). This is the point 
we want to get to so that we can 
start writing our programs. This 
would also be a good time to 
double click on the P16F676. 
INC FILE and view the contents 
of that file. 

Step 10. There are just a 
few more steps to complete the 
process. The next steps will set 
up and configure the simulator 
that will allow you to run the 


program on your computer and debug the program before it is installed on the MCU via the 
programmer. The simulator is a very powerful and useful utility. Click on DEBUGGER/SELECT 
TOOL/MPLAB SIM on the menu bar (Figure 5-15). This selects the MPLB IDE SIM Simulator. 
Go hack to DEBUGGER/SETTINGS (Figure 5-16) and a dialog box will pop up that allows 

you to set the device clock frequency that will be simulated (Figure 5-17). In the exercises 


ees getere - rT An Ie way 


eon Wee Weber tice 


[OSM Sa \2eawt| fen Tice GHA |bunene sr) el 


SHPO WE LAR AEAL ICE 


|p Seegennge ared Deesigs Tee — 


Figure 5-7 — Listing of All the MCU Devices Supported by MPLAB [DE and 
the PICKit 2 Programmer. Highlight. 
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in this text, you will be using 
the internal oscillator of the 
PIC16F676 which operates at 4 
MHz, so select this frequency. 
Remember the configuration 
bits in Step 6 and Figure 15-9? 
The first configuration bit was 
to select the oscillator type. This 
is where you would make the 
selection for the other oscillator 
options available in the device 
(as detailed in Chapter 9 of the 
PICI6F630/676 Data Sheet.) 
Step 11. In the MPLAB IDE 
menu bar find and click on the 
BUILD icon (circled in Figure 
5-18). This application will 
turn your assembly code into 
machine language and save the 
program as machine language in 
a .hex file. The build process 
is automatic and it can happen 
pretty fast. If you end up with 
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a dialog box with FAILURE and a red bar in it, there were some problems. If you followed the 
instructions so far, the Template program should build with no errors, and a dialog box will flash 
on the screen as tllustrated in Figure 5-19 momentarily and then disappear. If you select the 
Output window, you can verify that the build was successful (Figure 5-20). The Output window 
will also bighlight areas of the code that caused a build to fail and is very helpful in de-bugging 
your program. The program is now ready to be sent to the MCU. 


Hexadecimal File and Assembly Language File 


If you look in the PIC Programming/Ch5 directory you will see all of the files 
associated with the project you just created (Figure 5-21). I would like to bring your attention 
to two of those files. The first has the extension -hex, this is a hexadecimal file that contains the 
actual program that will be loaded into the MCU in machine language, in hexadecimal form. The 
second file has the extension .asm, this is the assembly language file that contains the program in 
assembly language that you will be authoring very shortly. When you share files with other users, 
you can send them the .asm file and they can import that file into their program development 
software and then make changes to your program to meet their needs. Or you can send other 
users the .hex file so that they can directly send the program to their own devices. 

Take a look at che program that is contained in the Template for 16F676.asm file in the 
editor window of MPLAB IDE but don’t get overly concerned if you don’t recognize what is 
going on in this program. You will learn a lot more about programming io future chapters of this 
text, and I will give a brief description of the program just to put the concluding activity of this 
chapter in context. 

Tf you scroll down to the section of the code that looks like this: 


clrt PORTA 
clrft PORTC 
bst PORTA, 5 jstart with pin 5 high, pin 0 low 
Se ee oh ae Seah ke eae a af oe ee aah aba eae oe eh ae ah OR a a aaa ae oa ae seo ae ae le a aaa ae ao oh eh eae aaa eee eae eae oh eae oe ea eae a be Boh eo esha shhaak a b ek 
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jmain program 
main 


BS BEC SIR SHS Hs Sse os TS fe 2) 29S Og Hs ahs oe oe eo oie OR Se ee eo 


ode ae aeafe eso feck ae eae eae a afc a ae cae ak oe ae oe oh a oak aa 


movlw b/’00100001’ j;this is a mask used by the xorwf command to toggle 


;pins 5 and 0 


xorwf PORTA, £ ;XOR’s the mask in the w-reg with PORTA and sets pins 


75 and © accordingly (teggles them-if on then off, if 
;OFEF then on 


call delay200ms ;this is a call to a delay subroutine that will delay 
7 200mS 
goto main igo back and do it again 


Chapter 5 


The first two lines that are at the end of the device initialization section of the code CLEARS 
all the I/O pins of both PORTA and PORTC. The third line SETS I/O pin 5 of PORTA so that 5-V 
is present on that pin. 

The main body of the code continues by moving a “Mask” into the w-register (the working 
register) with 1’s in bit 5 and bit 0 (which correspond to I/O pins 5 and 0 in PORTA). The next 
instruction does an exclusive OR comparison between the pin status of PORTA and the w-register. 
In an exclusive OR truth table, if both bit inputs are 0’s or 1’s, the outcome is 0; if the bit inputs 
are opposite of each other, the outcome is 1. What this means is that tf PORTA I/O pin 5 is SET, 
then after this instruction it will be CLEARED, and vice versa. The same holds true for PORTA 
T/O pin 0. This will toggle those two pins on and off after each pass through this instruction. 
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Figure 5-8 — When you click on CONFIGURE/CONFIGURATION BITS the 
selection screen that allows you to configure selected set-up bits for the MCU 
will be displayed. 
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Figure 5-9 — Make sure that the check box labeled “CONFIGURATION BITS 
SET IN CODE” is checked. 
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After the state of the PORTA pins are checked and XOR’ed, the program calls a delay 
subroutine that is 200 milliseconds long. Finally, after the delay, the program goes back to the 
beginning of main to do it all over again. The result is that LEDs that are connected to PORTA 
VO pins 5 and 0 will alternately turn on and off with a period of 200 milliseconds. 

Wire up the circuit illustrated in Figure 5-22. This circuit includes current limiting resistors 
and LEDs connected to pin 2 (PORTA, RAS) and pin 13 (PORTA, RAO) and ground. 


A Few More Steps to Load the Program in Your Project to the MCU 


Summary 


Now that you have used the Project Wizard to develop your first project, let’s go through a 
few more steps to load the program in your project to the MCU. The following steps will take 
you througa connecting your computer to the PICKir 2 programmer, building your program 
(converting it from assembly language into machine language), and sending your program to the 
MCU RAM. 

Step 12. Connect your P/CKit 2 programmer to the computer USB port and insert 
a PIC16F676 device into the programmer socket. In the MPLAB LDE menu bar, select 
PROGRAMMER/CONNECT(Figure 5-23). If all goes well and the programmer and device are 
recognized, you should see a dialog box confirming the status (Figure 5-24). 

Step £3. Click on the PROGRAM TARGET DEVICE icon in the menu bar (circled icon 
in Figure 5-25). If the programming was successful, the verification will be spelled out in the 
Output window (Figure 5-26). 

You have now successfully used the Project Wizard to create a program project, inserted the 
required ancillary files into the project (the . inc and .asm files), selected the desired device and 
set up the configuration bits for the device, attached and connected your P/CKis 2 programmer, 
built the program, and finally installed the program on your PIC16F676 device. If you now plug 
the PIC into your prototyping board and turn on the power, the LEDs will flash alternately with 
an interval of 200 milliseconds. : 


During this chapter you learned how to use the MPLAB IDE Project Wizard to create a new 
project. Offen you wil use a program template to get you started and to shorten the program 
setup and development time. 


Review Questions 
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5.1 List the steps required to list the files that make up a project. 
5.2 Can you develop, test and debug programs without attaching the PICKit 2 programmer? 


5.3 Will the MPLAB IDE allow you to load a program into the target MCU device if the program 
did not assemble properly? 


5.4 Which of the icons that allow you to access the target device mernory should you use with 
great caution, or not at all? 


3.5 Why is It important to use the standard default file structure when installing MPLAB IDE on 
your coraputer? 


5.6 Which type of file is unique to each particular MCU device? 


honorees] Seen | 


PROJECT. 


Figure 5-11 — The file selection dialog box will pop up. 
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Figure 5-12 — Add this file to the project by clicking on PROJECT/ADD FILES 
TO PROJECT. 
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Figure 5-13 — To see the files associated with the project click on 
VIEW/PROJECT. 
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Figure 5-14 — If you double click on the TEMPLATE FOR THE P16F676.ASM fite, 
the program working window will open and you can view and make changes to 
the program file. 
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Figure 5-15 — [f you double click on the TEMPLATE FOR THE P16F676.ASM file, 
the program working window will open and you can view and make changes tc 
the program file. 
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DEBUGGER/SETTINGS, highlighted above. 


Figure 5 -17 — The dialog box pops up that allows yau to set the device clock 
frequency that will be simulated. 
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Figure 5 -18 — Click on the BUILD icon (circled above). 


Assembly Successful. 


| TEMPLATE POR 15F676.ASM 


Figure 5-19 — The dialog 
box will flash momentarily 
on the screen as 
illustrated. 
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Figure 5-20 — Select the OUTPUT window to verify that the build was 
successful. The QUTPUT window will also highlight areas of the code that ~ 
caused a build to fail and is very helpful in de-bugging your program. 
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Figure 5-21 — PIC Programming/Ch65 directory showing all of the files 

associated with the project just created. Notice the file having the extension -hex, 
this is a hexadecimal file that contains the actual program that will be loaded into 
the MCU in machine language, in hexadecimal form. Notice also the file which has 


the extension .asm. This is the assembly language file that contains the program in 
assembly language. 
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Figure 5-22 — This circuit includes current limiting resistors and LEDs 
connected to pin 2 (PORTA, RAS) and pin 13 (PORTA, RAQ) and ground. 
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Figure 5-23 — in the MPLAB IDE menu bar, select PROGRAMMER/CONNECT. 
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Figure 5-24 — You should see a dialog box confirming the programmer and 
device are recognized. 


Program Development — Starting Wizard and Using a Program Template 5-15 


ti) ey, 
Londed CARIC Programming\Ch 5) 


1g burt ef pragact “LAPIS Prog 
jocossor Symbol "__ DEBUG) 
90 1S 92SS late 


SAOMREL Fanet 
rst rmere 


: ropes 
Se )} ea taw? 


Figure 5-26 — If the programming was successful, the verification will be 
spelled out in the OUTPUT window as shown. 
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Working with 
Registers — 

the Most 
Important Chapter 


Special Function Registers 


Core Registers and Peripheral Registers 


Objective: To learn the purpose of the Special Function Registers, learn how to use memory bank 
switching to access Special Function Registers, and leam how to use selected Special Function 
Registers to configure the basic resources available in the PIC16F676. 


Reading: PIC]6F 630/676 Data Sheet, pages 1, 2, 5-8, 7-13, 19-21, 27 


Table 6-1 
Device Setup Memory Map 


Bank 0 
memory 
location 
00n indirect address 
Oth TMRO 
02h POL 
03h STATUS 
04h FSR 
05h PORTA 
O7h PORTC 
OA PCLATH 
OBh INTCON 
OCh PIF A 
OEh TMRIL 
OFn TMR1H 
10h TICON 
19h CMCON 
1Eh ADRESH 
1Fh ADCONO 
6-2 Chapter 6 


As previously presented in the Chapter 2 “Inside the PIC16F676,” there is a segment 
of the RAM within the device that is dedicated to device setup. This segment of RAM 
consists of a number of byte sized memory locations called registers that are used by 
the programmer to set up the resources of the device for a particular application. These 
registers are called Special Function Registers (SFR). Additionally there is a segment 
of this RAM that is used by the programmer for variables that are manipulated during 
the program execution. Why is understanding the use of these SFRs most important? 

As in any building project, as programming really is, having a firm foundation is critical 

to a long lasting, efficient, and useful project. If you truly understand the functions of 

the individual SFRs and how to access and manipulate the individual bits within those 
registers, you will be well on your way to understanding the PIC16F676 and how to access 
its full potential. I strongly urge you to spend some time with the information contained in 
this chapter and refer back to it often when initiating and developing your code. 


SFRs are divided into two sub categories, the labels of which, in reality, are just 


Bank f 
memory 
location 
80h indirect address 
81h OPTION_REG 
82h PCL 
83h STATUS 
84h FSR 
85h TFRISA 
87h TRISC 
8Ah = =PCLATH 
8Bh  INTCON 
8Ch ~~ C~PIE1 
BER PCON 
90h OSCCAL 
9th ANSEL 
95h WPUA 
96h IOCA 
98h VRCON 
QAh EEDAT 
9Bh EEADR 
9Ch EECONT 
9Dh EECON2 
9En ADRESL 
9Fh ADCON 


semantics and not really important to the 
fundamentals of understanding these registers. 
But touching on the semantic differences 

here will help im understanding the internal 
architecture of the PIC16F676. The two sets 
of registers are the core registers and the 
registers associated with the peripheral features 
of the device. The core registers deal with 

the basic setup, operation, and monitoring of 
the PIC16F676. The peripheral registers deal 
with the setup, operation, and monitoring of 
the ADC, Comparator and Timer | resources 
of the device. This chapter will focus on the 
core registers. The peripheral registers will be 
covered in later chapters that focus on each of 
the peripheral resources. For the time being, 
just be aware of the distinction between the 
two different sub categories of SFRs. 


Device Setup Memory 


You have seen previously in Figure 2-1 
in Chapter 2, and in the memory diagrams of 
the readings that the device setup memory is 
divided into two banks, bank 0 and bank | (a 
portion of the memory map is duplicated in 
Table 6-1). 

Bank 0 begins at memory address 0x00 


STATUS 
INTCON 
OPTION _REG 
PORTA 
TRISA 
PORTC 
TRISC 


and ends at address Ox1f (32 bytes) and Bank | begins at memory address 0x80 and 

ends at address Ox9F (also 32 bytes). Within each bank, notice that the individual byte- 
sized registers are labeled with what are essentially descriptive mnemonics that help 
identify the function of the registers. Using these labels will help to make your code more 
readable. In Chapter 5, when you were developing a template for your first program, you 
were instructed to include an Include file (p16£676. inc) that is unique to the PIC16F676 
device. Each of the different devices that you will encounter has a unique inc file 
associated with it. This include file contains some valuable short cut labels or declarations 
that associate SFR labels that are used in the documentation for the device (and this 

text) to the numeric value for the specific memory location assigned to the register. For 
instance, the following is an extract from the file p16£676. ine. 


EQU H’0003° 
BOU H’ OG0B’ 
EOU H’OO8i’ 
BOU H’ 0005" 
EQU H'0085' 
EOQU H’ 0007" 
EQU H’ 0087" 


(You can view the entire contents of this file either from MPLAB IDE or by using 
NOTEPAD and opening the file located at C:\Program Files\Microchip\MPASM 
Suite if you installed MPLAB DF using the standard installation. Itwould be helpful 
early in your programming experience to print out the contents of the .inc file for 
easy reference while developing your code. A contents of the p16£676.inc file isin 
Appendix D,) 

These labels instruct the MPLAB IDE complier to assign or equate the mnemonic 
representation of the STATUS register to the memory location 0x03, and so on. If you 
notice in the data memory map, the memory location for the STATUS register is in fact 
0x03. Using the short hand mnemonic for the registers helps in the “readability” and 
understanding of your program code. For instance, if I wanted to SET the bit to switch the 
memory bank to Bank |, I could use the following line of code: 


bsf 6x03,0x05 


This line of code bit sets the f register (bsf) 5th bit in the register located in memory 
location 0x03. The register located in memory location 0x03 is the STATUS register and 
the 5th bit is the Register Bank Select bit. This line of code is not particularly meaningful 
at first glance, however the readability can be improved by using the short hand 
mnemonic assignments contained in the .inc file: 


bsf STATUS, RPO 


Now let’s take a detailed look at the individual registers that are used to set up and 
manipulate the PIC16F676 resources. The format that will be used tn this discussion of 
the individual registers will include the bank where the register is located (0, 1 or both), 
the descriptive mnemonic assigned to the register in the .inc file, the descriptive 
mnemonic assigned to the individual bits within the register (MSB [Most Significant 
Bit] to the left, LSB [Least Significant Bit] to the night) and a short verbal description of 
purpose of the individual bits. 


Reserved 


Reserved 
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STATUS 


The STATUS register is used to control the memory bank that is being addressed, 
to determine the reset status of the device and the status results of arithmetic operations 
during program execution. 

Bit 0x05, or the RPO bit is used to switch between memory banko and bank1. 
SETTING the RPO bit switches to bank1. 

There are numerous ways that the PICL6F676 can be reset, or restarted, that are 
beyond the scope of this text. The bit Ox04 or the TO time-out bit is SET by the internal 
workings of the device after initial power is applied to the device, after a CLRWDT (clear 
watchdog timer}, or sleep instruction is executed. This bit is CLEARED after a watchdog 
timer time-out has occurred. The bit 0x03 or PD power-down bit is SET after initial 
power is applied to the device or by execution of the CLRWDT instruction. The bit is 
CLEARED after executing a sleep instruction. You will not be using these bits during the 
exercises in this text. 

Bits 0x00, 0x01 and 0x02 are used to monitor the outcome of arithmetic operations 
performed while your programs are munning. 

Bit 0x02, the Z or zero bit is SET if the arithmetic or logic operation resulted in 
zero. For instance if you are incrementing an 8-bit memory location and the program 
increments the memory location that contains 255 (b’11111111°), the increment results in 
zero (b’00000000’) being placed in the memory location. This operation will SET the Z 
bit of the STATUS register. The Z bit will be used exereney during the exercises of this 
text. 

Bit 0x01, the DC or digif carry/borrow bit will be SET if there is a carry from 
the low nibble of a memory location into the high nibble of the memory location. For 
instance if a memory location contains 111 (b’01101111°) and it is incremented by one 
the result in the mernory location would be 112 (b’01110000’). Bit-4 of the memory 
location is SET due to a carry condition and therefore the DC bit in the STATUS register 
will be SET. The DC bit will not be used during the exercises of this text. 

Bit 0x00, the C or carry/borrow bit will be SET if there is an operation that results in 
a ‘overflow’, or carry out of the MSB, of an 8-bit memory location. For example, back 
to a memory location that contains 255 (b’111111117). If 1 were added to this memory 
location the result would be 256 (b’ 1 00000000".) The result would have overflowed 
the MSB of a word sized memory location or variable by ‘carrying’ the overflow to the 
upper byte of the word. In this case, the C bit would be SET to indicate that a carry had 
occurred (and also the Z bit would be set because the operation also SET the original byte 
to zero). The C bit will be used extensively during the exercises of this text. 


/RAPU | INTEDG | 


PORTA Pull-up Interrupt Edge 


Enable 


Select bit 


OPTION_REG 
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ption Register 


TOCS TOSE PSA 


TMRO Clock TMRO Source Prescaler Prescaler Rate Prescaler Raie | FS0 Rate 
Source Select bil Edge Select bit Assignment bit Select bit Select bit Select bit 


The OPTION_REG register ts used to contro] various resource options including 
TimerO (TRMO), Watch Dog Timer (WDT), RA2/INT interrupts and/or if weak pull-up 
resistors are enabled on the PORTA I/O pins. 

SETTING bit 0x07, RAPU, will disable the weak pull-up resistors on PORTA LO 
pins. The weak pull-up resistors provide a +5-volt current source on the I/O pins that 
ensure the appropmiate pins are in a high state wheri not purposely placed in the low 
state. The RAPU pin enables or disables all pull-up resistors, the individual resistors are 


addressed in the WPUA Pull-up Register that will be covered later. This bit will be used 
in exercises in this text. 

SETTING bit 0x06, INTEDG, will allow the rising edge of a triggering signal 
attached to pin RA2 to generate an interrupt. Interrupts will be covered in detail in a 
subsequent chapter. CLEARING INTEDG will allow the falling edge of the triggering 
signal to generate an interrupt. 

Bit 0x05, TOCS, assigns the clacking source for Timer0. SETTING the bit causes the 
TMRO to respond to the clocking signal attached to pin RA? while CLEARING the bit 
causes TMRO to use an internal clock source. 

If TOCS is SET and the TMRO clock source is attached to RA2, then SETTING bit 
0x04, TOSE, will mcrement TMRO on the rising edge of the clock signal; CLEARING 
TOSE wall increment TMRO on the falling edge. 

Bit 0x03, PSA, assigns the prescaler to either TMRO or the WDT. SETTING PSA 
assigns the prescaler to WDT. CLEARING PSA will assign the prescaler to TMRO and 
this bit will be used in exercises in this text. 

The three bits 0x00 though 0x02, PS2:PS0 (which signifies PS2, PS] and PSQ) 
determines the prescaler rate. Refer to the table on page 2 of the PIC/6F 630/676 Data 
Sheef for the full table of bit values to set the prescaler. As an example, if you want to 
increment TMRQO every 8th clock count, in other words divide the clock counts by a 
factor of 8, you would SET PS2:PSO0 to b’010’ (PS2=0, PS l=!, PS0=0). This essentially 


“ 


increases the usable time delay of TMRO eight times. 


~ 


Bank | oister 


| PCON Power Control Re 7 
Xx BOD 


Unimplemented | Power-on Reset Brown-out Detect 
Stas Sralus 


Unimplemented 


The Power Control Register is rarely changed by the casual MCU programmer. 
This register essentially contains flags that can be used to test if the device has been reset 
(forced to start the program from the beginning) due to power interrupts, or power first 
applied to the device (Power-on Reset), or if the reset occurred because of a reduction in 
the power source voltage below the “brown-out” level, typically 2.1-volts. In this specific 
register, the flags are opposite to the other flag registers, SET being no reset, CLEAR 
being a reset occurred. 

Bit OxOL, POR, Power-on Reset Status will be CLEARED if a power-on reset of the 
device occurred. You SET this bit in software to reset the flag so that a subsequent power- 
on reset can be indicated. 

Bit 0x00, BODIE, Brown-out Detect Status will be CLEARED if a brown-out 
condition reset the device. You SET this bit in software to reset the flag so that a 
subsequent brown-out reset can be indicated. 


OSCCAL Internal Oscillator Calibration Register 
CAI coe CALL CALO X x 


G-bit Signed 6-bit Signed 6-bi Signed 6-bil Signed 6-bit Signed 6-bit Signed Unimplemented | Unimplomented 
Oscillator Oscillator Oscillator Oscillator Oscillator Oscilkator 
Calibration bit Calibration bit Cahbration bit Calibration bit Calibratiog bit Calibration bit 
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OSCCAL 


BANKSEL 


call 


movwt 


BANKSEL 


The Internal Oscillator Calibration Register is a specialized register that you use 
to store an oscillator calibration value that is determined at the time the PIC16F676 
device is manufactured. The calibration value is stored in a specific memory location 
within the MCU’s flash RAM. This calibration value can be useful if you intend to use 
the internal oscillator of the device as the clock source and timing issues are critical. 

This calibration value can improve the accuracy of the internal oscillator and therefore 
the accuracy of the clock. There are some spectfic precautions that you need to consider 
when using this calibration value. The calibration value is unique to the specific device, 
and the calibration value is perishable if you ever totally erase the flash RAM of the 
device. You can read the calibration value using MPLAB iDF, record the value for the 
device for future reference, and later program this value into the OSCCAL register when 
the device is re-programmed. Better yet, do not erase the device RAM! In normal use, the 
previous program stored in RAM will be over written by the new program so there should 
seldom be a need to erase a device (unless you wank to protect some code that had been 
previously installed on the device), This precaution will be emphasized again in other 
areas of the text. 

Whale you are studying the code examples in this book, you will see the specific 
program code that is needed to take the factory determined oscillator calibration value 
stored in the RAM and transfer this value mto the OSCCAL register. This is the segment 
of the code that accomplishes that task: 


Bank1 jcommand line to select Bank 1 where the calibration value is 
;stored (location 3FF) 

Ox3FEF ;retrieves factory calibration value and puts it into the W 
iregister (working register) 

OSCCAL ;move the contents of the W register into the OSCCAL register 
;{also located in Bank 1) 

Banko ;command line to go back to Bank 0 where the bulk 


70f the program work is performed. 


Don’t get concerned about understanding this segment of the program code. That 
is the purpose of this book and the code will be covered in detail later. Basically what is 
happening with these four lines of code; 

1. Switch over the RAM bank 1 so that the calibration value can be accessed; 

2. Put this value into a working register where we can do something with the value; 

3. Move the value from the working register into the OSCCAL register (you will 
soon learn that virtually every movement of values from one register [Memory location] 
to another register must pass through the W [working] register;) 

4. Switch back to bank 0 where most of the program operations will occur. After 
each instruction line, the information following the semi-colon (;} represents a comment 
statement. These statements are ignored by the MPLAB IDE and are not part of the 
program. These comments are for communicating with the programmer and reader of the 
code to help explain what is happening within the code. 


Bank 1 TRISA PORTA Tri-state Register 
x x TRISAS TRISA4 TRISA3 TRISA2 TRISAL TRISAO 
Unimplemented | Unimplemented | RAS RA4 RA3 RAZ RAI RAO 


TRISC PORTC Tri-state Register 


4 [TRISCS [TRISC4__| TRISC3__| TRISC2 _[ TRISC! | 
U femented | RCS RC4 RCS RC? RCL 


nimplemented | Unim 
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Tri-state Registers — TRISA and TRISC 


Trt-state Registers. The I/O pins of the PIC16F676 are arranged in two banks of 
6-pins each and are called PORTA and PORTC. Other MCU devices may have additional 
or less ports. There 1s a Tri-state Register for each port labeled TRISA and TRISC fer the 
PIC16F676. The TRIS# registers control the directionality of the individual pins within 
a port. SETTING the appropriate bit in the TRIS# register will cause the corresponding 
pin to be an input, CLEARING the bit will cause the corresponding pin to be an output. 
When a pin is assigned to be an input pin, the pin is placed in a high impedance state. 
This assumes that the pin resources have not been assigned to another pexipheral resource 
such as a Comparator or ADC resource. There ts one additional exception on PORTA I/O 
pin 3 (RA3). This pin can only be used ag an input because it serves a dual purpose as the 
master reset pin. 


WPUA2 | WPUAI | WPUAO | 
| RA2 RAl «RAO 


RAd 


Unimplemented _ 


Weak Pull-up Register WPUA 

Weak Pull-up Register PORTA I/O pins have pull-up resistors internally connected 
to the I/O pins (with the exception again of I/O pin (RA3)). These pull-up resistors 
provide an internal current source that will hold the associated pin high when the pin is 
in the input state and not deliberately pulled low by an external action (such as closing a 
switch}. By SETTING the appropriate bit, the weak pull-up resistor on the associated pin 
will be enabled. You must also globally enable all the weak pull-up pins by SETTING the 
RAPU bit in the OPTION_REG tegister. In other words, you would allow the appropriate 
pull-up to be enabled by SETTING the bit in the WPUA register, then actually enable all 
the allowed pull-ups by SETTING the RAPU bit in the OPTION_REG register. PORTA 
YO pin 3 does not have a weak pull-up resistor again because of the dual purpose of this 
pin. PORTC does not have any weak pull-up resistors at all. 


Bank | ANSEL Analog Select ANG ster 


RC3 se Ag 


ANSEL 

The Analog Select Register is the final register that will be covered in this chapter. 
This register allows you to assign either analog or digital resources to the selected I/O pin 
depending if there will be analog or digital voltages applied to the pin. For instance, if 
there will be strictly +5 or 0 V applied to a pin from a digital source, the ANSEL register 
would be setup as digital “channel.” On the other hand, if analog voltages are going to 
be compared with the Comparator, or measured with the ADC resources, the ANSEL 
register would be set up as an analog “channel.” Not all pins of PORTA or PORTC can 
have analog resources assigned to them and therefore some I/O pins are strictly digital 
and there is no capacity to control the analog or digital channel asstgnment to those pins. 
This is why only PORTA RAO, RAI, RA? and RA4 (again PORTA VO pin 3 (RA3) has 
a dual purpose therefore is an out of sequence exception), and PORTC RCO, RC2, RC2, 
and RC3 have associated ANSEL bits because either ADC or Comparator resources 
can be assigned to these pins. SETTING the appropriate bit will assign that pin as an 
analog input pin, CLEARING the appropriate bit will assign the pin as a digital /O pin. 
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Summary 
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SETTING the ANSEL bit will also automattcally disable the digital circuitry associated 
with the pin, disable the weak pull-up resistors on the pin, and disable any interrupt-on- 
change assigned to the pin. Care also must be taken to ensure that if a pin is to be used as 
an analog input pin, that the bit in the associated TRIS# register is also SET to make the 
pin an input pin. 

These are some of the most important core registers that will be used in the next 
chapter when we discuss setting up resources of the PIC16F676 device in the early part of 
the program. There are other registers that are specific to particular MCU resources that 
will be covered in the detail in the chapters that cover the specific peripheral resources. 


Registers are special memory locations that are made up of 8-switches (bits) that 
allow you to set up the resources available within the PIC] 6F676 to accomplish specific 
tasks. The registers are assigned a descriptive label that will be used when we write 
programs. The individual bits within each register can be either SET or CLEARED. It is 
up to the programmer to SET or CLEAR the register bits to set up the device resources as 
needed. 

The STATUS register is used to control the memory bank that is being addressed, to 
determine the reset status of the device and the results of arithmetic operations performed 
during program execution. 

The OPTION_REG is used to control various resource options including Timer0 
(TRMO), Watch Dog Timer (WDT), RA2/ENT interrupts and/or if weak pull-up resistors 
are enabled on the PORTA I/O pins. 

The OSCCAL register is a specialized register where you load an oscillator 
calibration value that is determined at the time the PICI6F676 device is manufactured 
and stored in a specific memory location within the MCU’s flash RAM to improve the 
oscillator and clock accuracy. 

The TRISA and TRISC registers control the directionality of the individual pins 
within a port and makes the individual I/O pins input (Tri-state, high impedance) or 
output. 

The WPUA register determines if pull-up resistors are internally connected to the /O 
pins of PORTA (with the exception again of I/O pin 3 (RA3) which can be assigned dual 
purposes that conflict with output operations), PORTC has no internal pull-up resistors. 

The ANSEL register allows you to assign either analog or digital resources to the 
selected I/O pin depending if there will be analog or digita] voltages applied to the pin. 


Review Questions 
6.1 Define SET and CLEAR. 
State the appropriate register and bit to accomplish the following actions. In your answer 
list the register label name, the actual memory location in hexadecimal, the bit label 
and the bit number Use the question 6.2 as the example. 


6.2 Which bit is manipulated to switching to Bank 1? 


6.3 What register and bit would you read to determine if an arithmetic action resulted in a 
zero result? 


6.4 Enable the weak pull-up resistors on PORTA 2? 
6.5 Disable all weak pull-up resistors associated with PORTA? 


6.6 To what register would you load the factory determined internal oscillator calibration 
value? 


6.7 How would you configure the appropriate registers to make PORTA, 0;PORTA, 2, 
and PORTA, 4 as digital outputs, and PORTA, 1 as an analog input. 
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Instruction Set 
Overview 


Objective: To briefly review the instruction set or opcodes that are available to build programs for the 
PIC16F676 device. The review will include examples of how the instructions are implemented in code. 


Reading: PIC/6F630/676 Data Sheet, pages 7-82. 


Computer Program Languages 


A computer program is a collection of instructions or commands that are arranged to 
accomplish some task. The collection of instructions and the rules that must be followed 
to use those instructions (called syntar) make up the computer program language. There 
are a number of different computer languages that range from those that are considered 
high level languages that are more like the language we use in everyday life, to low level 
languages that are somewhat like everyday language but with a structure that ts related 
to the language used by the computer, to machine language that is the collection of 
instructions or commands in binary form that are actually used by the computer. Assembly 
language which is a low level language presented in this text is a bridge between higher 
level languages and machine language. To use assembly language, the user needs a firm 
understanding of the internal architecture of the MCU being programmed. In addition, the 
user needs to break up the end task to be accomplished in to small manageable sections. 
For example, consider the act of tying your shoes. A computer program to accomplish 
this task in a high level language might be “tie your right shoe; then tie your left shoe.” 
An assembly language program might be “locate right shoe; grasp left end of shoe lace 
in left hand and right end of shoe lace in right hand; cross your night and over your left 
hand”...and so on. A machine language program would go into further detail and look 
at the neural impulses needed to move the muscles in your arms and hands. Why would 
one want to work with assembly or machine language? The bottom line is execution 
speed and efficiency. The trade-off is that it will take more time and thought to develop an 
assembly language program and it tn all likelthood would be limited for use to one MCU 
device or the related family of devices for which the program is developed, 
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Now with that daunting context in mind, it really isn’t that difficult to use assembly 
language. The vocabulary of the assembly language used by the PIC] 6F676 and the 
related family of Microchip microcontrollers consists of only 35 words. And just as in 
any language, there is a small number of vocabulary words that are used often, others 
used infrequently. The assembly language instruction set is divided into four basic 
categories: operations that manipulate a ye, operations that manipulate bits, operations 
that use literal numbers (constants), and operations that control the program flow. The 
action words in the assembly language vocabulary are called opcodes. The byte, bit, 
memory location, or program line that is being acted upon, changed, or manipulated in 
the operation is called the oprand. 

The MPLAB IDE is an umbrella software package that manages a number of other 
software packages that are used to develop the program. The Editor is a word-processor- 
like program where you will author the program. The MPASM Assembler translates the 
assembly language code that you develop in the Editer into the machine language code 
that is loaded into the MCU program memory. The Simulator allows you to run the 
program code within software to monitor the flow of the program, predict execution times 
and debug the program. The assembler looks for the vocabulary words of the assembly 
language that are used within the context of the accepted syntax for the language. If the 
vocabulary or the syntax are used in error, the assembler will terminate the assembly 
process and give you a hint as to the error(s) that need attention. If the vocabulary or 
the syntax are correct, the assembler will generate a collection of files, including the 


machine language file, that facilitate the loading of the program into the MCU. Using the 
vocabulary within the rules specified by the syntax does not necessarily mean that your 
program will run correctly, just that you followed the rules. Making your program also 
run correctly requires the use of the simulator, and some trial and error. 


The Instruction Set or Opcodes of Assembly Language 


The remainder of the chapter will detail the opcodes that make up the vocabulary 
of the assembly language. There are a few conventions to keep in mind during this 
discussion. The letter f refers to a register that is the target of the opcode and the register 
could be a Special Function Register (SFIR) or a variable memory location. The letter 
W refers to the W-register. Virtually all actions on registers need to pass through the 
W-register. Consider the W-register as your working register. The letter k refers to a 
constant. A constant is some static numerical value that can be assigned an alias in 
the definition section of the program code or it can be an actual number. Constants 
can be in decimal] form (identified with a period [.] before the number — .123), 
hexadecimal form (identified with Ox at the beginning of the hex number — 0x7b), or 
binary form (identified by a leading b and the binary numbers between apostrophes — 
b’ 01111011’). The letter d refers to the destination register where the result of the 
opcode action will be stored. If d=0 then the result will be stored in the w-register, 
if d=1 then the result will be stored in the target register (f} of the opcode. In the code 
examples in this text you will see the letters f and W used in place of the numbers 1 and 
0. If you review the contents of the PICI6F676 .inc file you will find that the letters 
f and w are defined as aliases for the numbers 1 and 0 respectively. The letters are used 
in place of the numbers to make the code more readable and more consistent with the 
instruction set summary that is included in the device documentation. 


The STATUS Register 
There is one more topic that needs to be discussed before getting into the specifics 
of the opcodes — the STATUS register. The STATUS register is modified when many of 
the opcodes are executed and it is important to be familiar with how and when this SFR is 
changed. Of the 8-bits in the STATUS, the most commonly monitored bits are the 
Zero bit, Z and the Carry/Borrow bit, C. 


Bank STATUS 
RP RP1 RPO Cc 
Reserved | Reserved Register Bank Time-out bit Power-down bit Zero bit | Digit Carry/Borrow bil | Carry/Borrow bit 


STATUS 


The STATUS Register contains flags that are SET or CLEARED by arithmetic 
operations, specific reset conditions, and a-control bit for register bank selection. The 
reset flags will not be covered in this text. The Digit Carry/Borrow flag bit, DC, is SET 
when there is an overflow of a nibble within an oprand. This flag is not used during the 
exercises of this text. The Register Bank bit, RPO, is used extensively to switch between 
the memory banks by using BANKSEL. If RPO is SET, memory bank 1 is accessed, 
with RPO CLEAR, memory bank 0 is accessed. The Zero flag bit, z, is SET when an 
arithmetic operation or other operation on an oprand results in 0x00. If Zis CLEAR the 
result was not zero. The Carry/Borrow flag bit, C, has two uses. If the C bit is SET, then 
an arithmetic operation on an oprand resulted in an overflow from Oxff to 0x00. If the 
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© bit is CLEAR, an overflow did not occur. The ¢ bit also accepts the bit that falls out 
of a register. When the bits are rotated either left or right, the ald contents of the C bit is 
rotated back into the register. 


Opcode Descriptions 


addlw Add literal and w 
Syntax: addlw k 
STATUS bits affected: Cc, BD, 2 


The addl1w opcode takes the literal oprand and adds it to the contents of the 
w-register. The result is loaded into the W-register overwriting the previous contents of 
that register. The PIC16F676 is an 8-bit device so arithmetic operations that use numbers 
greater than 255 or have a result greater than 255 will require the use of binary math 
techniques and mudti-byte levels. There are comprehensive libraries of multi-byte level 
Math routines posted on the Microchip Web site that can be accessed and incorporated in 
your code with minor modification depending on the MCU device. In the code exercises 
in this text, this opcode is used primarily to convert the numbers ¢ through 9 into the 
ASCII code needed to display those numbers as text on an LCD. This requires adding 48 
to the number to convert the number into the equivalent ASCII code (well within 1-byte). 
This opcode is used with moderate frequency. 


Example code: 


movlw .48 

addlw 123 

addlw b' 01111011’ 

add] w Ox7b 

addw£ Add w-register and { 

Syntax: addwf, f or d 
STATUS bits affected: Cc, DC, 2 


The addwf opcode is similar to addlw except that the contents of the f register are 
added to the w-register. The result is either loaded into the f or w-register as set by the 
oprand letter identifier or the number 1 or 0. This opcode is used infrequently. 


Example code: 


moviw .23 
movw£t vari 
moviw 48 
addwf wari, £ 


In this case the operation would add 23 and 48 and the result loaded into and 
overwriting the contents of vari. 


moviw .23 
movwt varl 
movlw -48 
addwf varl, w 


In this case the sum would be loaded into and overwriting the contents of the W-register. 
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andlw AND the literal and w-register 


Syntax: andlw, k 
STATUS bits affected: Z 


The andlw opcode takes the literal oprand and logically ANDs it with 


Table 7.1 ~ Boolean Truth Table for the the contents of the w-register with the result loaded into the w-register. 
AND Operation Table 7-1 contains the Boolean truth table for the AND operation. 


input 


== 00Oyp> 


Output This opcode is useful to mask specific bits within a byte. This opcode is 
used with moderate frequency primarily in masking operations. 

moviw varl 

andlw bf11110000° 

This code masks the low nibble of the byte in var1 and stores the 
high nibble, unchanged, into the w-register (the Jow nibble is returned to 
b’ 0000"). 


=-=ao-o00 


andwf AND W with f register 


Syntax: andwt, dor f 
STATUS bits affected: @ 


The andwf opcode is similarto andiw. andwf takes the contents of the oprand 
varlable or memory location and logically ANDs it with the contents of the w-register with 
the result loaded into either the w or f register. This opcode is used infrequently. 

Example code: 

moviw varl 

andwf var2, WwW 

This code compares the contents of var1 and var2 with the result placed in the 
w-register leaving the contents of var2 unchanged. 


bet CLEAR the specified bit in the f register 


Syntax: bef vari, 2 
STATUS bits affected: None 


The bef opcode is used to manipulate (CLEAR) a single bit within the oprand 

register. This opcode is used frequently. 
Example code: 

bef OPTION REG, RAPU 

This code CLEARS bit 7 of the OPTION_REG to enable individually enabled weak 
pull-up resistors, RAPU is defined in the PICI6F676.inc file as equal to 7. An 
alternative form for this instruction would be: 

bet OPTION REG, 7 


bsf SET the specified bitin the. f register 


Syntax: bsf varl, 2 
STATUS bits affected: None 


The bsf opcode is used to manipulate (SET) a single bit within the oprand register 
and is the opposite opcode to bef. This opcode is used frequently. 
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Example code: 
bsf OPTION REG, RAPU 


This opcode SETS bit 7 of the OPTION _REG to disable weak pull-up resistors. 
RAPU is defined in the PICIGF676.inc file as equal to 7. An alternative form for this 
instruction would be: 

bsf OPTION REG, 7 


btfss Test a specified bit in f, skip next instruction if the bit is SET 


Syntax: btfss varl, 7 
STATUS bits affected: None 


The opcode ts used to make branching decisions based on the state of an individual 
bit within the oprand register. If the bit of interest is SET, the next instruction is skipped 
and a nop instruction is executed instead (this makes the number of instruction cycles 
the same regardless of whether the next instruction is skipped or executed). The program 
continues with the instruction following the skipped instruction. If the bit of interest is 
CLEAR, the next instruction is executed. This opcode is used frequently. 

Example code: 


btiss INTCON, TOIF 
goto no TMRO interrupt 
movwt varl 


This code checks the status of the TMRO mterrupt flag in the INTCON register. If 
the bit is SET (an interrupt occurred) the next gote opcode is skipped and the program 
continues with the movwf instruction. If the bit is CLEAR (an interrupt did not occur) the 
goto instniction is executed. 


btfise Bit test f, skip next instruction if CLEAR 


Syntax: btfsc varl, 7 
STATUS bits affected: None 


The opcode is the opposite of the btfss opcode and also used to make branching 
decisions based on the state of an individual bit within the oprand register. If the bit of 
interest is CLEAR, the next instruction is skipped and a nop instruction is executed 
instead. (This makes the number of instruction cycles the same regardless of if the next 
instruction is skipped or executed.) The program continues with the instruction following 
the skipped instruction. [f the bit of interest is SET, the next instruction is executed. This 
opcode is used frequently. 

Example code: 


btfsc INTCON, TOIF 
goto TMRO interrupt 
movwt varl 


This code checks the status of the TMRO interrupt flag in the INTCON register. If 
the bit is CLEAR (an interrupt did not occur) the next goto opcode is skipped and the 
program continues with the movw£ instruction. If the bit is SET (an internipt occurred) 
the goto instruction is executed. 
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call Call to execute a subroutine 


Syntax: call subroutine label 
STATUS bits affected: None 


The call opcode causes a jump to the subroutine that is identified by the label in 


the oprand. Upon a subroutine call, the program counter for the first instruction to be 
executed on return from the subroutine is pushed onto the hardware Stack and a jump to 
the subroutine is executed. There is limited stack space so the number of nested calls to 
subroutines must be considered. After the return from the subroutine, program counter is 
pulled from the Stack, to cause a jump back to the calling program. This opcode is used 


frequently. 
Example code: 
call interrupt_service 
clrt CLEAR the register or variable f 


Syntax: clrf varl 
STATUS bit affected: 2 


The clr£ opcode CLEARS the contents of the oprand variable or register to 0x00 


and also SETS the z bit of the STATUS register. This opcode is used with moderate 


frequency. 
Example: 

clrf varl 

clrw CLEAR the W-register 

Syntax: clrw 

STATUS bit affected: Z@ 

The clzrw opcode CLEARS the contents of the w-register to 0x00. There is no 
oprand needed for this instruction since the w-register is implied by the opcode. The Z bit 
of the STATUS register is SET by the execution of this opcode. This opcode is used with 
maderate frequency. 

Example: 

clrw 

clrwdt CLEAR the Watchdog Timer 

Syntax: clrwdt 

STATUS bits affected: TO, PD. 

The opcode clrwdt resets the Watchdog Timer and the prescaler when it is 
assigned to the Watchdog Timer. This opcode also CLEARS the TO and PD interrupt 
flags in the STATUS register. There is no oprand argument for this opcode. This opcode 
is used infrequently. 

Example: 
clrwdt 
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come Complement the contents of the f register 


Syntax: comet varl, Gor £ 
STATUS bit affected: vA 


The opcode comf complements the contents of the oprand variable or register and 
loads the result into either the oprand target register or the w-register. Complementing 
a binary number turns 0’s into 1’s and 1’s into 0’s. For instance if the contents of vari 
was b' 00001111", the result of executing comf vari, f would result in the value 
b*11110000° being loaded into var1. Complements are frequently used in fwo’s 
complement arithmetic. The subtrahend is turned into a two’s complement which is 
the negative of the absolute value of the subtrahend. Once the subtrahend is negative 
(complemented) it can be added to accomplish the subtraction. The two’s complement 
method of subtraction has the advantage of not requiring that the sign of the number to 
be analyzed to determine whether the operation is addition or subtraction. This opcode is 
used infrequently and primarily in binary mathematics algorithms. 


comet varl, w 
decf Decrement the contents of the oprand. 
Syntax: decf varl, dor f 


STATUS bit affected: @ 


The opcede decf decrements the contents of the oprand variable or register and the 
result is loaded into the f or w-register as specified. If the decrement results in zero, the Z 
bit is SET in the STATUS register. This opcode is used infrequently. 


dect varl, f 

btfiss STATUS, Z 

goto not zero routine 

moviw 

decfsz Decrement the contents of the oprand and the next instruction is 


skipped if the result is zero. 


Syntax: dectsz varl, dor f 
STATUS bit affected: Z 


The opcode decfsz decrements the contents of the oprand variable by | and places 
the result either in the f or w-register. This opcode is frequently used in controlled loops 
that require a definite number of iterations. The variable used as a counter is loaded with 
a starting value equal to the number of iterations. The counter variable is decremented 
at the end of each loop iteration. The result of that decrement is tested if the result is 
zero, and a loop back or loop exit is executed accordingly. In this case, the results 
of decfsz would have to be loaded back into the f register for the counter scheme to 
function. This opcode is used frequently. 


Example: 


moviw 8 
movwEt counter 
loop 
locp code here 
decfsz counter, £ 
goto loop 
After loading the number of desired loop iterations into the variable counter, the 
counter variable is decremented at the end of the loop, the 2 flag tested to see if the 
counter has been decremented to zero, and the loop is executed again until the counter 
reaches zero. 
goto Unconditional jump or branch to a labeled program segment 
Syntax: goto routine _to_de_something 
STATUS bit affected: None 
The goto opcode causes a jump to some labeled segment of the program code. 
The program counter is loaded with the address of the code segment and the program 
execution continues at that new location. This opcode is used frequently. 
Example: 


wait for _button 
btf£ss PORTA, 2 
goto button_pressed 
goto wait_for_button 


In this code the PORTA pin 2 is sensed. If the pin is SET, the button has not been 
pressed, the next instruction is skipped, and the goto wait_for_ button loop 
continues to wait for the button press. When the button is pressed, the pin is CLEAR, and 
the next instruction is executed to jump to the button_pressed code. 


incf The oprand register is incremented by one. 


Syntax: incf varl, Gd orf 
STATUS bit affected: 2 


This opcode is the opposite of decf. The opcode incf increments the contents of 
the oprand and the result is loaded into the f or w-register as specified. If the increment 
results in an overflow from Oxff to 0x00, the 2 bitis SET in the STATUS register. This 
opcode is used infrequently. 


Example: 
incf varl, w 
btfss STATUS, Z 
goto not_zero 
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incfsz The oprand register is incremented by one, the result is loaded into the 
w-register or the oprand, and the next instruction is skipped if the result of the increment is 
zero. This opcode is similar but opposite to decfsz. 


Syntax: incfsz varl, dor £ 
STATUS bit affected: Z 


The opcode inefsz increments the contents of the oprand variable or register by | 
and places the result either in the f or w-register. This opcode can be used in controlled 
loops that require a definite number of iterations. The variable used as a counter is loaded 
with a starting value equal to 256 minus the number of iterations. The counter variable is 
incremented at the end of each loop iteration, the result of that increment is tested if the 
result is zero, and a loop back or loop exit is executed. In this case, the results of incfsz 
would have to be loaded back into the f register. This opcode is used infrequently. 


Example: 
movlw 248 
movwt counter 
loop 
loop code here 
unctsz counter, f 
goto loop 


The code will load the counter variable with a starting value of 248. Bach time 
through the loop, the value of counter will be incremented by 1]. When counter 
increments through Oxf to 0x00, the 2 flag will be SET and the program will exit the 
joop and continue with the rest of the program. 


iorlw Inclusive ORs the literal With the W-register with the result loaded into the 
W-register. 


Syntax: iorlw k 
STATUS bit affected: 2 


The iorlw opcode takes the literal oprand and logically ORs it with the contents of 
the w-register with the result loaded into the w-register. Table 7-2 contains the Boolean 
truth table for the OR operation. This opcode is used infrequently. 


Example code: 
moviw varl 
andiw b‘01010101' 


Table 7.2 — Boolean Truth Table 
for the OP Operation 


input 


=A COD 


7-10 


Outout 


-co+_CTU 


0 
i 
1 
1 
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iorwf Inclusive ORs the contents of the W-register with the contents of the oprand 
register. The result is loaded into either the W-register or the oprand. 


Syntax: iorwf, dorf 
STATUS bit affected: 4 


The torwf opcode ts similarto iorlw. iorwf takes the contents of the oprand 
variable or memory location and logically ORs it with the contents of the W-register with 
the result loaded into either the f or w-register. This opcode is used infrequently. 

Example code: 
moviw varl 
Lorwt var2, Ww 


This code compares the contents of var! and var2 with the result placed in the 
w-register leaving the contents of var2 unchanged. 


move The contents of the oprand register are moved back into the oprand register 
or the W-register. 


Syntax: mov£ varl, f 
STATUS bit affected: 2 


The movf opcode allows you to move the contents of the oprand register into itself 
or the w-register. The opcode movfw also will accomplish this task. (This opcode is not 
listed in the device documentation.) The instruction movf varl, f, which moves the 
contents of the register var1 back into varl seems a bit redundant, however, because 
the z flag of the STATUS register is affected by the move if the contents of the register be 
zero. This is a way to test the contents for zero. This opcode is used infrequently; movfw, 
however, is used very frequently. 

Example code: 
move vari, £ 


Move the contents of var1 and store it back into var1, the Z flag is affected if the 
contents were zero. 


movet varl, w 


Move the contents of var1 into the w-register. The instruction moviw vari could 
also have been used. 


movlw The literal oprand is loaded into the w-register. The literal oprand can 
be a defined constant, a decimal number (.123), a hexadecimal number (0xfa), a binary 
number (b' 00100001), or an ASCII code representation of a character (‘A’). 


Syntax: moviw .45 
STATUS bit affected: None 


The &-bit literal is loaded into the w-register, the % bit of the STATUS register is not 
affected by this operation. This opcode is used frequently. 
Example code: 


movilw b‘10000010’ 
tmovlw ‘cr 

movlw 75 

movilw oxff 
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movwe The contents of the W-register 1s loaded into the oprand register. 


Syntax: movwf varl 
STATUS bit affected: None 


The contents of the w-register is loaded into the oprand register, the Z bit of the 
STATUS register is not affected by this operation. This opcode is used frequently. 
Example code: 
movilw 75 
movwE varl 


This code loads the litera] 75 into the w-register and then loads the contents of the 
w-register (75) into the var1 variable location. 


nop This opcode performs no operation except to hold time for one instruction 
clock cycle. 


Syntax: nop 
STATUS bit affected: None 


The nop opcode ts frequently used as a place holder for debugging purposes and Is 
also frequently used to fine tune delay subroutines to a specific number of instruction 


cycles. 

Example code: 

movilw -8 

movwt counter 
delay loop 

nop 

nop 

gota exit_delay 


retfie This opcode is used to return the program control to the main program 
after an interrupt has been serviced by a subroutine. 


Syntax: retfie 
STATUS bit affected: None however, INTCON, GIE is SET 


Upon executing the ret fie opcode, the program counter is pulled from the Stack 
and the GIE flag of the INTCON register is SET to allow global interrupts. This opcode 
is used frequently. 

Example code: 
interrupt_service 


bef INTCON, TOTE 
bcf INTCON, TOIF 
nop 

retfie 
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retlw This opcode loads the W-register with the value of the literal oprand just 
prior to returning the program control to the main program. 


Syntax: retlw .123 
STATUS bit affected: None 


Upon executing the retlw opcode, the w-register is loaded with the literal oprand 
and the program counter is pulled from the Stack to cause a return to the calling program 
at the end of the subroutine. This opcode is used with moderate frequency particularly 
when data tables are used. 


Example Code: 

get_data 
moviw temp 
addwf PCL, £ 
retlw ‘lt 
retlw ‘b! 
retiw ‘Gc? 


In the above subroutine, the location of the required data byte in the table is loaded 
into the variable temp prior to the subroutine call. The value in temp is loaded into the 
w-register and then added to the program counter. This causes a jump to the appropriate 
line of data where the literal value of the data byte is loaded into the w-register by the 
retlw opcode before program control is returmed to the calling program. 

rlf This opcode rotates the contents of the oprand register one bit left 

through the © bit of the STATUS register. 


Syntax: rLlt varl, f 
STATUS bit affected: ¢ 


The r1f opcode rotates the contents of the oprand register one bit left and puts 
the MSB into the C bit of the STATUS register after the previous contents of the C bit 
is rotated into the LSB of the oprand register. The result is either loaded back into the 
oprand or the w-register as assigned. This opcode is used frequently particularly in serial 
communications subroutines and/or ADC operations. This opcode can also be used to 
multiply the contents of the oprand by 2. 
Example code: 


bef STATUS, C 
rif low_byte, f 
rif high_byte, 


This code begins by clearing the C bit of the STATUS register to avoid corrupting the 
oprand with the previous contents of the C bit. The low byte of a 16-bit number is rotated 
left one bit, with the MSB placed in the C bit. The high byte of the 16-bit number is then 
rotated left by one bit with the contents of the C bit from the previous operation placed in 
the LSB of the high byte of the number. This operation multiplied the 16-bit number by 2. 
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Example code: 
delaylmS 


diylmS 


Example code: 
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return This opcode terminates a subroutine and pops the program counter off the 
Stack to return control back to the calling program. 


Syntax: return 
STATUS bit affect: None 


Care should be taken to ensure that nested subroutine calls do not corrupt the limited 
Stack space available, This opcode is used very frequently. 


movlw 198 

movwf count 

nop 

goto $+1 

goto $+1 

gota $+1 

decfsz count, F 

goto dlylm$ 

return 

rrt This opcode rotates the contents of the oprand register one bit right 


through the C bit of the STATUS register. 


Syntax: rrt varl, £ 
STATUS bit affected: C 


The rrf opcode rotates the contents of the oprand register one bit right and puts 
the LSB into the C bit of the STATUS register after the previous contents of the C bit 
is rotated into the MSB of the oprand register. The result is either loaded back into the 
oprand register or the W-register as assigned. This opcode is used frequently particularly 
in serial communications subroutines and/or ADC operations. This opcode can also be 
used to divide the contents of the oprand by 2. 


bef STATUS, C 
of high_byte, f 
of low_byte, f 


This code begins by clearing the C bit of the STATUS register to avoid corrupting 
the oprand with the previcus contents of the C bit. The high byte of a 16-bit number is 
rotated right one bit, with the LSB placed in the C bit. The low byte of the 16-bit number 
is then rotated right by one bit with the contents of the C bit from the previous operation 
placed in the MSB of the high byte of the number. This operation divides the 16-bit 
number by 2. 


sleep This opcode is used to terminate the execution of the program and place 
the MCU device in a low power consumption state. 


Syntax: sleep 
STATUS bits affected: TO and PD 


Example code: 


Specific changes on certain resources will “wake” the device from the sleep 
condition. This opcode is used infrequently. 


move PORTA, £ 
movilw b’'oo001000° 
movwt INTCON 
sleep 

bst PORTC, 3 


The use of sleep requires some careful programming consideration. In the above 
code, the GIE bit of the INTCON register is CLEARED to disable global interrupts prior 
to the device being put into the Jow power consumption state. When a change occurs 
on an I/O pin of PORTA, the device wakes up and the next instruction after the sleep 
opcode is executed. Had the GIE bit been SET to enable interrupts, an interrupt would 
have been executed after that next instruction (bef PORTC, 3) was executed which may 
or may not have had the intended consequences. In other words, if interrupts are enabled 
prior to executing sleep, the wake stimulus will generate an interrupt. If interrupts are 
disabled prior to executing sleep, the wake stimulus will cause the program to continue at 
the point after the device was placed in the sleep mode. 


sublw This opcode subtracts, using 2’s complement methods, the contents of the 
W-register from the literal oprand with the result loaded back into the 
W-register. 

Syntax: sublw .123 


STATUS bits affected: C, DC, and Z 


The sublw opcode allows for simple 8-bit subtraction. Subtraction of larger 
numbers would require other programming algorithms (simular to those required for 
addition of numbers larger than 8-bits). The STATUS register Z bit is SET if the result 
of the operation is zero. The status of the C and Dc bit will require some thought. The 
subtraction actually is accomplished by the addition of two’s complement numbers and 
therefore the polarity of these bits is reversed. This opcode is used infrequently. 

You must use care to ensure that the subtrahend (the number in the w-register) is 
the lesser of the two numbers being subtracted or you will get unintended results. For 
instance, let’s take a look at the code to accomplish 3 - 2. The number 2 is first loaded 
into the w-register and then the contents of the w-register are subtracted from the literal 
oprand 3 with the result loaded back into the W-register. 


moviw 2 
sublw 3 


At the end of this operatton, the W-register would contain b’ 00000001’ or decimal 
1, and the C and DC bits of the STATUS register are SET (remember that in subtraction 
the polarity of these bits is reversed so SET means no carry or borrow). 

Now let’s take the opposite case and accomplish 2-3. The number 3 is first loaded 
into the W-register and then the contents of the w-register are subtracted from the literal 
oprand 2 with the result loaded back into the W-register. 
movlw | 
sublw .2 
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Example code: 


Chapter 7 


At the end of this operation, the w-register would contain b’11111111’ or decimal 
255, and the C and DC_ bits of the STATUS register are CLEAR (again remember that in 
subtraction the polarity of these bits is reversed so CLEAR means a carry or borrow 
did occur). Certainly not the answer expected! ‘To make sense of this result you would 
need to complement the contents of the w-register using a variable location and the 
comf opcode and then add one to the result. The best thing to do, however, is to avoid 
these complications and make sure the content of the W-register 1s the lesser of the two 
numbers. 


subwf This opeode subtracts, using 2’s complement methods, the 
contents of the W-register from the oprand variable with the result 
loaded back into the w-register or the oprand variable as directed. 


Syntax: subwf vari, f or w 
STATUS bits affected: ¢C, DC, and @ 


The same precautions as listed for sublw above apply to this use of this opcode. This 
opcode is used infrequently. 


movdw pes 
movwt varl 
movlw 12 
subwf varl, £ 


The iiteral value 3 is first loaded into the variable var1, next, the literal value of 2 is 
loaded into the W-register and this value is subtracted from varl (the number 3) with the 
result retumed to var1. The STATUS 2 bit is CLEAR (non zero result) and the DC and ¢ 
flags are SET indicating no carry or borrow operation. 


swapf The opcode swapf swaps (or exchanges) the nibbles within the oprand 
register. The low nibble (bits 0- 3) replace the high nibble (bits 4-7) 
and vice versa. The results are loaded back into the oprand register, 
or variable, or into the W-register as directed. 


Syntax: swapf varl, £ or w 
STATUS bit affected: None 


The real power of this opcode comes from the fact that the 2 bit of the STATUS 
register is not affected even if the result of the nibble movement is zero. This is useful 
in preserving the contents of the STATUS register during interrupt subroutine calls. 
Movements of register contents into and out of temporary variable locations to preserve 
the pre-interrupt contents using movf or movfw opcodes could corrupt the STATUS 2 bit 
state because if zero is being moved, the 2 bit will the SET. However, if you swapf into 
the temp variable location and then again swapf out of the temporary variable location, 
the integrity of the original number is retained and the 2 bit is unaffected by this opcode 
even if the value of zero is being moved. This opcode is used infrequently but is very 
useful in interrupt service subroutines to restore the contents of the w-register and the 
STATUS resister to pre-interrupt states. 


Example code: 


Example code: 


Example code: 


movwt w_ temp 

swapf STATUS, W 
movwt status_temp 
swapt status_temp, w 
movwt STATUS 

swapt w_temp, £ 
swapt w_temp, w 
retfie 


The movwt opcode does not affect the Z bit so the contents of STATUS is preserved. 
After the STATUS byte is recovered, the multiple swapf opcodes retum the w-register to 
ithe pre-interrupt state without corrupting the STATUS byte (the 2 bit in particular). 


xorlw Exclusive XORs the literal with the w-register with the result loaded 
into the W-register. 


Syntax: xorlw k 
STATUS bit affected: @ 
Table 7-3 — Boclean Truth 


. Table for the XOR Operation. 
The xcrlw opcode takes the literal oprand and 


: : : F input Output 
logically XORs it with the contents of the w-register with A . 8B 
the result loaded tnto the w-register. Table 7-3 contains 0 0 0 
the Boolean truth table for the XOR operation. This 0 1 1 
opcode is used frequently, particularly when toggling V/O I : : 


pin states and for comparing two numbers for equality. 


movéiw varl 
xorlw b'O1010101’ 


In this code, 1f the individual comparable bits are | then the associated bit will be 
CLEARED in the w-register. If the individual comparable bits are not both |, then there is 
no change in the associated bit in the w-register. 


xorwt Exclusive XORs the contents of the w-register with the contents of the 
oprand register. The result is loaded into either the W-register or the oprand. 


Syntax: xorwf, dor f 
STATUS bit affected: Z 


The xorwf opcode is similar to xorlw. xorwf takes the contents of the oprand 
variable or memory location and logically XORs it with the contents of the W-register with 
the result loaded into either the f or w-register. This opcode is used frequently to toggle I/O 
pin states, if SET then it will be CLEARED, if CLEAR then it will be SET. 


moviw varl 
xorwt PORTA, £ 


This code compares the contents of varl and var2 with the result placed in the 
PORTA register. If LEDs were tied to the PORTA resources, those LEDs would be toggled 
on and off in relation to the bit pattern loaded into the var1 vanable location. 
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Assembler Directives 


Directives 


So far we have been reviewing the instruction set or opcodes of assembly language. 
These are mnemonic representations of machine language instructions that the MPLAB 
IDE Assembler translates into machine language that makes up the actual program 
instructions that are executed by the MCU. In the example program code that is included 
in the folowing chapters of this text, you will find additional lines of code that appear 
similar to opcodes, but they are in fact very useful and powerful assembler directives. 

Assembler directives, as stated, appear in the source program code, but generally 
they are not translated inte opcodes or instructions. Directives are commands that are 
used to contro] the assembler and the assembly process. Directives help make the code 
transferable, translatable, and portable to other PIC-MCUs. 

The following list of directives are used in the example code of this text, however 
this 1s only a partial listing of the directives. More detailed information about individual 
directives and how they can be applied in your code can be found in the MPLAB IDE 
Help files. 


list 

Syntax: list p=PIC name 

The list directive is used in the code examples to set the intended processor type. 
The processor type can also be set in the MPLAB IDE under the CONFIGURE menu 
options. The list directive takes precedence over the CONFIGURE menu options when the 


check box is checked in the menu options. 


list p=16F676 ;list directive to define 
processor 


#include 
Syntax: #include <pfile.inec> 


The files specified in the #include directive are read and integrated into the 
program code as additional source code. The effect is as if the #include file were typed 
into your source code. The p16f676.inc file contains constant definitions that connect 
specific numerical constants, register locations, and mnemonic label representations for 
registers and individual bits that mirror the device documentation to facilitate program 
readability. It is a good idea to print out the contents of the device .inc file for reference 
during code development. Code source files that contain commonly used portable code 
such as delay and math routines can be accessed by other programs through the include 
directive. There is an extensive library of useful code that is available on the Microchip 
Web site that can be integrated into your code through proper definition of variables and 
use of the #include directive (unfortunately an advanced topic that is beyond the scope 
of this text). 


#include <pl6f676.inc> jprocessor specific variable 
;definitions 


__config 


Example code: 
Example Code: 
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Example code: 


Example code: 


Example code: 


Syntax: — config AAA& BBB& CCC 


The config directive sets the PIC-MCU’s configuration bits within the 
configuration word register, a 14-bit register. The configuration bits include: Bandgap 
Calibration, Data Code Protection, Code Protection, Brown-out Detect 
Enable, RA3/MCLR pin function, Power-up Timer Enable, Watchdog Timer 
Enable, and Oscillator Selection bits. These bits can also be configured using 
the CONFIGURE/CONFIGURATION BITS menu option. The __ config directive takes 
precedence over the CONFIGURE/CONFIGURATION BITS menu selection when the 
appropriate check box is checked in the menu options. 

It is important that the List and #include directives precede the __ config 
directive so that the assembler knows the device type before setting the configuration bits 
and where to find the mnemonic representations. The mnemonic representations used 
for the individual configuration bits, either on or off, are defined in the device .inc file. 
These mnemonics help mm making the code more readable. 


CONFIG _CP OFF & WDT_OFF & BODEN & PWRTE_ON & _INTRC_ 
OSC _NOCLKOUT & MCLRE_OFF & _CPD_OFF 


#define 
Syntax: #define variable literal 


The #define directive defines a mnemonic substitution label that represents a literal 
constant. The litera] constant can be a number or a string. During assembly whenever the 
label is encountered in the code, the literal constant is substituted. 


#define Banko 0x00 
#define Bankl Oxs0 
#define CS 0x03 
#define LED1 PORTA, O 


org 
Syntax: org 0x00 


The org directive sets the program origin at the address specified in the defined 
expression. When the device is first powered-up or a reset is forced, the program counter 
will begin at the location spectfied by the org directive. The other common origin 
definition is the location for interrupts. 


org 0x00 ;for processor reset vector 

nop jrequired by in circuit debugger 
goto Init ;go to beginning of program 

org 0x04 ;for interrupt vector 

goto interrupt service 

return 


cblock and endc 
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Syntax: eblock 
endc 


The cblock directive assigns variable name labels to specific memory addresses 
within the memory locations reserved as General Purpose Registers. The memory 
addresses begin at the memory address that is the oprand of the chlock directive and 
end with the endc directive. In the case of the PIC16F676, the General Purpose Register 
memory space runs from 0x20 through Ox5€£. In other devices with extended memory, 
the General Purpose Registers may be divided among numerous pages of memory. The 
cblock directive would then be used to dictate the memory location of specific variables 
in specific memory pages. 

Example code: 


eblock 0x20 
w Cemp 
status_temp 
ende 


In this code example, the variable w_temp would use the memory address of 0x20, 
status_temp would use 0x21 and so on. 


banksel 


The banksel directive is a convenient way to switch between the memory banks 
with code that is more readable than addressing the individual register bank (bank 
select) bits within the STATUS register (in the case of the PIC16F676 device). The 
label that represents the bit pattern that specifies the memory bank is defined before the 
banksel directive is implemented. 

Example code: 
#define Bankd 0x00 
#define Bank1l 0xgo 


Then later in the code: 


BANKSEL Bank1l ;select bank1l 

call Ox3FF ;retrieve factory calibration value 

movwe OSCCAL 

BANKSEL BankG ;select bankd 

dt 

Syntax: label dt ‘A’, “B', variable label, .123, 
b’‘00010010° 


The dt directive generates a series of ret lw instructions in a data table that will load 
the W-register with the 8-bit value of the offset argument and return that value in the 
w-register to the calling program code as if the ret1w opcode were executed. The offset 
for the desired value in the data table is added to the low byte of the program counter 
which causes a jump to the desired value and an retlw opcode ts executed. 

Example code: 
table get 

moviw temp 

addwf PCL, € 
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tabledt LCD _LINEO,'P’,’0',"t! 
In this code segment, the offset is passed through the variable temp. The offset is 
loaded into the W-register which in turn is added to the program counter. This causes a 
Jump to the desired location within the data table. The dt directive generates a ret lw 
opcode with the desired table data value returned to the calling program in the W-register. 


end 
Syntax: end 


The end directive indicates to the assembler that the code ts complete. There should 
be one end directive. Care should be exercised so that unwanted end directives are not 
included within include files or partial assembly may result. 


Summary 


The instruction set or opcodes are the meat of assembly language. There are 35 
opcodes, or words, that make up the vocabulary of the assembly language. The opcodes 
are mnemonics that help the programmer to create more readable code. The opcode 
vocabulary words are recognized and translated by the assembler into machine language 
instruction code that is uploaded to the MCU program memory. The opcodes generally 
have associated oprand arguments that are variable memory locations, registers, or 
specific bits that are manipulated when the opcode is executed. Opcode operations can 
be byte-oriented, bit-oriented, or control the program flow. The execution of some of the 
opcodes also will affect specific bits within the STATUS register. Additionally, there is a 
set of assembly directives that look similar to opcode instructions but are used to control 
the assembler during the assembly process. The use of directives help to make your code 
transferable, translatable, and portable. . 


Review Questions 
7.1 Does the mov£ instruction affect the 2 flag of the STATUS resister? 


7.2 What value would the instruction mov£ varl, f serve? 
7.3 What precautions should you consider when executing nested call instructions? 


7.4 Which of the opcode instructions is useful if you want to toggle an I/O pin to turn on 
and off an attached LED? 


7.5 What kind of information is ucluded in the device inc £ile? What directive would 
you use to include the contents of the device .inc file in your program code? 


7.6 Which INTCON bit is automatically SET when the retfie opcode is executed? 


7.7 When using the rrf and/or the r1£ opcodes to rotate bits through the c bit of the 
STATUS register, what are some precautions that you need to consider? 


7.8 Is it possible to move values from one memory location or register directly into 
another? If so, write a sample of code that would accomplish this task. 
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Device 
Setup 


Objective: To learn to configure the special features of an MCU and initialize the Special 
Function Registers to configure the device resources for a particular application. 


Reading: PIC167630/676 Data Sheet, pages 55-71. 


Writing Preliminary Code 
Before you can start writing the code for your particular application, you will need 

to write some preliminary code to configure the MCU device resources. This preliminary 
code can be divided into two broad categories, special features that are controlled by 
the configuration word and the special function registers. The configuration word can 
be set and modified either with an assembler directive or by manipulating switches in 
MPLAB IDE DEVICE SETUP menu options. The special function registers are generally 
configured at the beginning of the program code as will be illustrated or can be also 
modified during the run-time section of the program code. 


Configuring the Special Features 


When you first start to construct your program cade, you should give some thought 
to how you want to configure the special features and use the resources available on your 
chosen MCU. Let’s take a Jook at the possibilities for the special features. The majority 
of these features are not relevant for most of the applications you are likely to write. 
Consequently you will use the defaults for most of the special features. 

There are two ways to configure the special features of the device. First, you can set 
up the configuration using the MPLAB [DE CONFIGURE menu option. With the device 


\ Configure Virdow Help 
Select Device... 


Figure 8-1 

CONFIGURE selected by clicking on CONFIGURE/SELECT DEVICE, clicking on the CONFIGURE/ 
eee CONFIGURE BITS menu option will open the BIT SELECT dialog window (Fig- 
CONFIGURE BITS ure 8-1 then Figure 8-2). The CONFIGURATION BIT dialog window lists the individual 


bits that can be SET, the down arrow adjacent to the selected bit will bring down the 


a, Delay Subroetaees - HELAS 2D v.10) [Conigursisos Bits] 
“T Fee ES: Wew reject Gebuoger oroqrarener Tools Confignee Wince feb 


/Ose| see She? [ot To sREO SHE 


Seaton Bits set n code. 


Category 


Watchdog Timex 
Pawex Up Timer 
Haster Clear Enable 


Tnternel 


Brown Cut Devect om 
Cade EBrovect off 
Bate FE Bead Protect Off 


Figure 8-2 —- 1. Check Box for “Configuration Bits Set in 
Code” 2. The oscillator configuration used in all the pro- 
gram examples in this text is the INTERNAL OSCILLATOR 
WITH NO CLOCK OUTPUT as illustrated above right. 


available options. The defauit bit settings for all 
except the oscillator configuration will be used for 
the programming examples in this text. You are 
encouraged to study the assigned reading material to 
learn the specifies of the other special features. The 
various oscillator options will be discussed below. 


Oscillator Options 

There are eight different oscillator options 
available on the PIC16F676. The option selected 
depends on the application. For applications requiring 
a high accuracy or high frequency system clock, one 
of the external crystal options should be selected. 
Provisions for a high speed crystal or resonator (HS), 


nominal crystal or resonator (XT), or low power crystal (LP) are available by selecting 


the appropriate switch setting from the pull down menu options. Clock frequencies up to 
20 MHz are possible with the use of external crystals or resonators with the tradeoff being 
a higher component count for loading capacitors and also losing two I/O pin resources 
that are used to connect the crystal or resonator to the device. For applications requiring 

a specific clock frequency but not necessarily high speed or accuracy, the RC oscillator 
options would be selected. The clock signal is generated by a resistor-capacitor circuit 
combination connected to the internal oscillator circuitry. The actual clock frequency 
generated with the RC circuit depends on the supply voltage, the values and tolerances 
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of the components, the characteristics of the MCU device and the operating temperature. 
There are two RC oscillator modes. In both modes, the RC circuit is connected to the RAS 
pin. In one mode, the clock frequency is output on the RA¢ pin. This would remove two 
VO pins from use. In the second mode, the clock frequency is not put on an I/O pin and 
therefore only pin RAS is unavailable for use as an I/O resource. 

The final oscillator options use the internal oscillator. For the PIC16F676, the 
internal oscillator mos at 4 MHz which gives an instruction cycle or clock frequency of 
1 MHz. One mode outputs the | MHz clock frequency on the RA4 pin and consequently 
that pin would not be available for general purpose I/O in this mode. The second mode 
does not output the clock frequency and the I/O resource is available. There ts a special 
note of caution when using the internal oscillator resource. The internal oscillator of 
the device is tested and calibrated at the factory before the device is released for sale. A 
device specific calibration value is stored in the device memory which the user can read 
and then load into a SFR called OSCCAL. The caution is that if the user elects to erase 
the device memory for some reason, this calibration value will also be erased and the 
accuracy of the internal oscillator will be in jeopardy. There is really no reason to erase 
a device, any code you write and store on the device will overwrite the previous code. If 
code security is a question, you can set the code protection bits in the configuration word 
and the code cannot be read by an unauthorized user. A work-around as a precaution 
would be to read the device memory using MPLAB IDE and noting the calibration values 
for each particular device. Later, if the device is inadvertently erased, these archived 
values can be loaded into the OSCCAL register. The best precaution however is not to 
erase the device in the first place. 

The oscillator configuration used in all the program examples in this text is the 
INTERNAL OSCILLATOR WITH NO CLOCK OUTPUT as illustrated in the settings 
of Figure 8-2. Note the check box in Figure 8-2 labeled CONFIGURATION BITS SET 
IN CODE. If this box is checked, the configuration that ts specified in the program code 
takes precedence over the configuration bits as set in this dialog window and this is the 
preferred method used in the programming examples of this text. So if you view this 
window while exploring the programs of this text, you will see this check box checked. 
Once checked, the configuration bits are set by the — config directive at the beginning 
of the program code and this will be discussed next. 

In Chapter 7, assembler directives were introduced. These directives are used by 
the assembler to accomplish specific tasks that are related to the program, but they are 
not part of the actual program. The config directive used by the assembler to set the 
desired configuration bits can be done manually using the CONGIFURE menu option 
described above. The advantage of using the — config directive is that the programmer 
controls the configuration bits and this is done independently of the end user. This ensures 
that the device is configured to match the code regardless of the settings that the end user 
might specify (cr neglect io specify). The config directive is used in conjunction with 
literal constants that are represented by labels that are specified within the include file 
(picl6F676.inc) that is attached to the program with the ftinclude directive. Remember 
the include files contain definitions of memory locations and constants using mnemonics 
that are consistent with the device documentation and are device specific. Each device has 
its own unique .inc file. If you view the contents of the picl6F676.inc file you will see 
this listing of labels and assigned constants: 
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CPD EQU H3EFP’ 


_CPD_OFF EQU W3FFP 
_CP £QU W3F7F’ 
_CP_OFF EQU H?3FEP’ 
_BODEN EQU HO3FFF’ 
_BODEN_OFF EQU H3FBF’ 
_MCLRE_ON EQU H3RFP’ 
_MCLRE_OFF EQU H3FDF’ 
_PWRTE_OFF EQU H3FRP 
_PWRTE_ON EQU H’3FEP’ 
_WDT_ON EQU H3FFF’ 
_WDT_OFF EQU H3FF7’ 
_LP_OSC EQU H°3FF8’ 
_XT_OSC EQU HW 3FF9° 
_HS_OSC EQU H’3FFA’ 
_EC_OSC EQU H"3FFB’ 
_INTRC_OSC_NOCLKOUT EQU H’?3FFC’ 
_INTRC_OSC_CLKOUT EQU H’3FFD’ 
_EXTRC_OSC_NOCLKOUT EQU H’3FFE’ 
_EXTRC_OSC_CLKOUT EQU H’3FFF’ 


The mnemonics are selected to help make the labels for the bits more representative 
of the bit function and more readable. For instance _CP stands for the cede protection 
bit on, CP_OFF stands for code protection off. INTRC_OSC_NOCLKOUT stands for 
the internal RC oscillator resource selected with no clock output, this is the configuration 
used in the example programs of this text. The individual bit settings are logically 
AND’ ed together to form the configuration word that the assembler then loads into the 
MCU. The assembler directive would look like this: 


_ CONFIG _CP_OPF & WDT_OFPF & BODEN & _PWRTE_ON & INTRC_OSC_ 
NOCLKOUT & MCLRE_OFF & _CPD_OFP 


This translates into Code Protect off, Watch Dog Timer off, Brown-out Detect 
Enabled, Power-up Timer Enabled on, Intemal RC Oscillator with n0 clock output, RA3 
reset pin function is off (internal tied to V,,,), and Data Code Protect off. 


Configuring the Special Function Registers (SFRs) 


Now let’s turn our attention to configuring the special function registers. The SFRs 
are used to configure the resources that are available within the MCU device including 
PORT input/output, ADC, comparator, timer and interrupt resources. The details of 
these various resources are covered in subsequent dedicated chapters that follow. The 
remainder of this chapter will cover a suggested standardized way to initialize the SFRs 
based on the desired configuration of the device resources. 


Planning How to Use the Available Resources — Developing the Circuit Diagram for the Project 
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Before configuring the resources, you will have to put some thought into how you 
want to utilize the available resources and how the external devices and components 
will be attached to the MCU. A good way to accomplish this is to develop the circuit 
diagram for the project. For instance, your application may call for user interface push 
buttons with pull-up resistors, indicator LEDs with current limiting resistors, and an 
SPI temperature sensor that requires data, clock and chip select lines. While you are 


developing the circuit diagram, it would be a good time to consider the physical layout of 
the components in the final project. Pay attention to potential crossing circuit board traces 
or mterconnecting wires, depending on the type of circuit board being used. Crossing 
interconnections may dictate the physical layout of components and which MCU pin is 
dedicated to a specific resource. The development of the circuit diagram, parts layout on 
the circuit board and assignment of MCU resources to specific pins is an iterative process 
and just as much an art as a science. Good thought and planning at this stage of project 
development will make the software development more efficient. 


List the Pin Assignments 
As the circuit diagram for the project begins to take form, start listing the pin 
resources into the following categories: 


Output pins 

Digital input pms - no weak pull-up resistors required 

Digital input pins - that require weak pull-up resistors 

Analog input pins 

Comparator configuration and pins required 

ADC({s) required and pin assignments 

‘Timer resources required and pin assignments for external inputs to timers 
List the Software Function Requirements 


After the pin resources are defined, list the software specific configurations that also 
will be initialized in the SFRs: 


Timer 0 and/or Timer | interrupts required 

Prescaler requirements for timer resources 

ADC output left or right hand justified in the ADC output registers 
ADC interrupt required 

Comparator voltage reference 

Comparator output 

Comparator interrupt required 

PORT change interrupt required 


Armed with this listing of pin assignments and software function requirements, 
you are now ready to author the device initialization code to configure the SFR bits. An 
example of a generalized initialization code for the PICI6F676 that you will see in the 
example programs in this text is listed below. There are, of course, more elegant and more 
efficient ways to configure the SFRs, however, I encourage you to follow this example 
until you become more proficient in writing code. 
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‘nitialization 
wa A A Ro oe eso oe eo co oe ae aR a RR a OR eR AR SR a OR CR IC ER OR ek OR IR AR 
Init 
BANKSEL Bank1 
call Ox3FF ;retrieve factory calibration value 
movlw OSCCAL 
BANKSEL Banko iselect bankd 
Movlw b‘00000000' 
movwEt PORTA ;clear port bus 
moviw b’'oo000000" 
movwEt PORTC 
moviw b'00000111° ;turn off comparator module 
movwt CMCON ; 
movlw b‘oc0g0000' jinterrupts all off 
movwE INTCON 
BANKSEL Bankl ; BANK1 
moviw b’00000000' ;enabling weak pull-ups 
movwEt OPTION REG ;put w reg into option register 
moviw b'90000000' yall output 
movwt TRISA ;program PORTA 
movlw b‘o0c00060' ino weak pull-ups 
movwt WPUA 
moviw b‘ 00000000° sall PORTC as outputs 
movwE TRISC ;program PORTC 
moviw b’ 00000000' jail pins digital 
movwt ANSEL 
BANKSEL Banko jback to bankd 


end MCU initialization 
oA eR RR oR A A ee OO ot tae a ae oo ee ef Rea ko ob ak a ikea ooh fo de oe 

Basically the code loads the desired SFR bit pattern configuration into the w-register 
and the contents of the W-register are moved into the SFR. In this suggested code, the 
binary representation of the bit pattern is used so that the individual bits can be compared 
to the documentation for the register. The comments attached to the bit pattern should list 
the SFR bit switch configuration to make your code more readable and easier to debug. 
Also note that the memory bank is switched between bank 0 and bank | to access the 
target SFR. You could configure all bank 1 SFRs first and then switch to bank 0 and 
configure the remainder SFRs in that bank to create some code space savings, but this 
might sacrifice the logic used to configure the SFRs (there is no real code execution time 
savings since this section of code ts only executed once). 

Remember the meaning of the individual configuration bits will be covered later in 
the associated chapters dedicated to the specific device resource and they were listed in 
the previous chapter that discusses the SFRs. The following is a general overview of the 
configuration code. 


Init 
BANKSEL Bankl 
call Ox3FF jretrieve factory calibration vaiue 
movilw osccaL 
BANKSEL Banko jselect banka 
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Init is the Jabe] that identifies the start of the initialization of the code. The reset 
vector section of the code (org 0x00) would contain an instruction gote init to cause 
a program jump to this location to begin the program execution. The BANKSEL directive 
switches the memory bank to bank 1. The call opcode retrieves the oscillator calibration 
code that is stored in memory at the factory (recall the calibration code is part specific 
and would be lost if you erase the device memory). The memory location Ox3ff actually 
holds the opcode ret1w which loads the calibration code into the W-register and then 
returns to the calling section of the program with the value in the w-register intact. The 
calibration value is then loaded into the OSCCAL register before the bank is switched to 
bank 0. 


moviw b’ oogacoaa’ 

movwe PORTA ;clear port bus 
movlw b’ 00000000" 

movwt PORTC 


The above code sets all I/O pins on the PORTs to zero. This could have been also 
accomplished by using the ¢lrf opcode. The PORT registers are frequently manipulated 
within the main code. 


moviw b* 00000111’ j;turn off comparator medule 
movwE CMCON 


The above code configures the device comparator resource, in this case the 
comparator is disconnected and consumes the lowest power. The comparator is generally 
configured here and the configuration is not usually changed in the main code. 


movlw b’ agooo000' jinterrupts all off 
movwt INTCON 


The above code configures the interrupt resources, in this case al] interrupts are 
disabled. The INTCON register is frequently manipulated in the main code to contro] 
interrupts. 


movlw b’10010001' ;Xight justified, Vdd ref RCO has ADC, 
;ADC Stop, ADC on 
movwt ADCOND 


The above code partly configures the ADC resources. This register is manipulated in 
the main code if more than one ADC resource is required in your project, otherwise the 


register is configured only in the initialization section of the code. 


BANKSEL Bankl ; BANK 


tmavlw b' 00000000" ;enabling weak pull-ups 
movwt OPTION REG ;put w reg into option register 


The above code switches banks to change the next few registers. The bit patiern for 
the OPTION_REG is loaded here. You wil] leam later that the umer 0 will start counting 
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clock cycles (start iming) when this register is loaded. This needs to be considered for 
the first use of the TMRO resource. 


moviw b’00010060' ;Fose/8 
movwf ADCON1 


The above code completes the configuration of the ADC resources. This register 
may be manipulated in the main code if more than one ADC resource is required in your 
project and there ts a unique conversion clock required for each resource. If there is only 
one ADC resource or there is a requirement for only one common conversion clock 
frequency, this register is configured only in the initialization section of the code. 


movlw b‘00000000' jall output 

movwt TRISA jprogram PORTA 

movlw b’‘o0000000' jno weak pull-ups 
movwEt WPUA 

moviw b'ooo00000' jall PORTC as outputs 
movwt TRISC ;program PORTC 


The above code configures the direction of the I/O resources of PORTA and PORTC. 
The bit pattern loaded into the WPUA register configures the weak pull-up resistors 
that are available for the PORTA I/O pins. PORTC does not have internal weak pull-up 
resistors available so if required, weak pull-up resistors on PORTC pins would have to be 
external resistors. 


movlw b’00000000" jall pins digital 
movwt ANSEL 
BANKSEL Banko jback to bankod 


The above code will set the input /O pin resources to either digital or analog 
input. Analog designations are required for those pins assigned to ADC or comparator 
resources. Failure to configure this register correctly could result in damage to the device. 
Switching the bank back to bank 0 prepares the memory bank for the main part of the 
code which follows device initialization. 

It is suggested that this initialization code be cut and pasted into the code that you 
author for your application. The bit patterns are then modified (with associated changes 
to the comment lines) to configure the device resources as required by the particular 
application, 


The MCU device resources need to be configured early in the program code as 
required to meet the needs of the application. The special features of the device can be 
configured using the MPLAB /DE CONFIGURE menu pull-down windows or by using 
the config directive in the program code. Using the config directive in code is 
the preferred method because the program author assumes responsibility through this 
directive for the proper configuration and it is not left up to the code user. The special 
function registers are configured in the initialization section of the program code. A 
generic initialization code was presented in this chapter that could be pasted into the 
project code being developed and modified to meet the needs of the specific application. 
Binary numbers are used to represent the bit pattern that is loaded into the SFRs to make 
the code more readable and easier to debug. 


Review Questions 


8.1 Write the code segments required to configure PORTA pins 0, 2, 4 and 5 as digital 
outputs and all other port pins as digital inputs with weak pull-up resistors enabled. 


8.2 Write the code segments required to configure PORTA pin 0 as an ADC with a clock 
frequency of Freq/8 and left hand justified. 


8.3 Write the code segments required to disable all weak pull-up resistors. 
8.4 Can the direction of a PORT pin be changed after it is initialized in the initialization 


section of the code? If the direction can be changed, write the code required to change 
the direction of pin 5 of PORTC. 
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Objective: To learn the code that can be used to create long delays in software and to use 
MPLAB Simulator to evaluate code in detail. 

Reading: PICI6F630/676 Data Sheet, page 74. 

Program: Program Files/Ch 9 Program/Delay Subroutines 

Video: “Using MPLAB SIM” 


Dedicated timer resources are common among many of the MCU devices. In 
the PIC16F676 device there are TMRO and TMR1 resources that can be configured to 
operate independently of the program code and generate interrupts at specified intervals 
to stimulate some sort of action. Depending on the prescaler configuration for the 
individual timers, the TMRO resource can handle time intervals up to approximately 
65 milliseconds (mseconds) and the TMR1 resource can handle time intervals up to 
approximately 524 mseconds. These timer resources will be covered in detail in later 
chapters. There may be times when you just want to generate a quick delay without 
having to configure, or reconfigure the timer resources or you need time delays that far 
exceed the time interval of the timer resources. These delays might be needed to flash 
an LED on and off at 1-s intervals or generate a pulse for serial communications of a 
specified length. 


Delay Subroutines 


These kinds of delays can be generated by subroutines. Once you build a Library of 
common delays, these subroutines can be cut and pasted into your code without having 
to recreate the subroutines. You will see a section of code identified as delay subroutines 
in the code examples used in this text. We will explore these subrottines in this chapter, 
also use the MPLAB Simulator to predict the time delay of the subroutines and learn 
some programming techniques to fine tune the delays to mect your future application 
needs. 

Before we begin, review the instruction set table that is assigned as reading for this 
chapter, Take particular note of the column titled “cycles.” This column lists the number 
of instruction cycles required to execute a particular opcode. We are using the on-board 
oscillator for the clock source of the PICI6F676 which is set to run at 4 MHz. This 
clock frequency generates an mstruction cycle frequency of | MHz or a period of 1 uS. 
You need to keep this period in mind as we explore the delay routines. 


Program Files/Ch 9 Program/Delay Subroutines Project 
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Load the Program Files/Ch 9 Program/Delay Subroutines project into AAPLAB IDE 
and open the program code window. This project contains the delay subroutines that are 
used in many of the program examples in the text without the other program code so 
that you can focus on the delay routines. We will begin this study of delay routines by 
looking first at a delay subroutine to generate a 1 msecond delay. Scroll down through 
the code until you find this subroutine listing: 


Delay Subroutine to Generate a I-Millisecond Delay 


delaylms 


dlyims 


moviw .198 
movwet count. 
nop 

goto $+1 

goto S+1 

goto S+1 
decfisz count, £ 
goto dlyims 
return 


Basic Operation of a Delay Subroutine 


The following is a brief description of the basic operation of a delay subroutine. A 
dedicated variable called count is defined earlier in the program code. The variable will 
be used to count down the subroutine iterations that are used to generate the delay, as the 
name implies. The starting value that is loaded into count is the main control that you 
have over the delay interval, the higher the value loaded into count, the greater the delay. 
The value in the count variable is decremented down each time through the internal loop 
until the value is zero. At that point the delay is completed and the program control is 
returned to the main program. 

There is an excellent resource within the MPLAS IDE called the MPLAB Sim 
Simulator. This simulator allows you to step through a program and monitor specific 
registers and variables and also to track the simulated time (based on the number of 
instruction cycles) for program execution through a Stepwafch. You will be using two 
Stopwatch functions — the time function to measure the time required to execute the 
delaylms subroutine and the mstruction cycle counter function to monitor the number 
of cycles to execute each opcode within the subroutine. You will be using the Watch 
window to monitor the contents of the variable count as you step through each line of 
code. Perform the following steps to setup the MPLAB Simulator. 
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Steps to Setup the MPLAB Simulator 


Click on VIEW then WATCH in the menu bar ( Figure 9-1). The WATCH window 
will be displayed. Click on the down arrow next to the ADD SYMBOL button, scroll 
down until you find the VARIABLE LABEL, COUNT, click on COUNT, click on ADD 
SYMBOL (Figure 9-2). The WATCH window will contain the variable counr and display 
its contents in various number formats (Figure 9-3). Next, click on DEBUGGER then 
STOPWATCH in the menu bar ( Figure 9-4). The STOPWATCH window will appear. 
Note that the number of instruction cycles and the time of execution are displayed. 
There 1s also a ZERO button for resetting the stopwatch ( Figure 9-5). You are now set to 
explore the delay subroutine in detail. 
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Delay Subroutine in Detail 
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Figure 9-8 


Scroll to the main program and set a break point at the line 
call delayims. Break points are locations that you identfy in 
the code where program execution will stop when the program 
ig run in the simulator. The break points allow you to view the 
contents of variables and registers and the Stopwatch at that point 
in time of the program execution, which you wll do in just a few 
moments. You can have numerous break points set at strategic 
pO BE SSeS) locations within the code. A break point is toggled on or off 
by double clicking the line of code. The red-bolded B on your 
screen will indicate the location of the break point (Figure 9-6). 

In a similar manner, set a 


] break point at the end of the 
am delay1ms subroutine at the 
[eal pecan cf 3} return opcode. You have a 
ede break point set at the point 
where the delaylmS routine 
is Called in the main program 
and another break point at 
the point when the program 
execution is returned to the 
main program once the delay 
subroutine is completed. 
Build and then mn the 


cs) program. The program will 


F as Eye execute up to the first break 
Be = A point and then stop. The 
Elbe Lela Ge, nod Td Stopwatch indicates that 

ie rrr 39 aS have transpired to this 
point in the program and 
39 instruction cycles were 
clocked (remember that the 
clock speed is 4 MHz which 
gives a 1 uS instruction clock 
period) (Figure 9-7). 

Let’s see how long it 
takes to execute the delay1ms subroutine. Zero out the Stopwatch by clicking on the 
ZERO button. Press the RUN button, and the program will continue execution and stop at 
the next break point (the return opcode at the end of the subroutine, Figure 9-8). 
Notice the tnstruction cycles required are 998 and it took 998 uS to complete the 
subroutine up to this point. If you now press the F? key to take a single step through the 
program and execute the return opcode, the program execution returns to the main 
program, the instruction cycles advance 2 cycles to 1000 and the Stopwatch advances to 
1000 uS, or 1 msecond, the desired time interval. You will notice that it took 
2 instruction cycles to execute the return opcode. We can use the specific number of 
instruction cycles to fine tune our delay routines as will be illustrated below. 

Now that we have seen the overall time required to execute the delay routine, let’s 
now take a closer look within the routine itself. The delay subroutine has two parts, the 
first part sets up the delay count variable, and the second part is an internal loop that 
decrements the count variable to create the delay. This is the code for the internal loop: 


Permian Fresercy 
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dlylms 


Tabie 9-1 — Opcodes and 
Number of Instruction 
Cycles Needed 


deofse counc, £ 
sete = diylx$ 


return 


yaw uses delavieS co eet p vers sccurece 5 mo delay 


Figure 9-9 


9-6 Chapter 9 


goto $41 
cecfisz count, £ 
goto dlyims 


You can predict the time required to go through this loop one time by looking 
at the instruction cycle count. Table 9-1 is an extract of the instruction set for the 
PIC16F676 and lists the opcode and the number of instruction cycles to execute 
individual opcodes. The goto opcode is a 2-cycle instruction, the decfsz is a 
1-cycle instruction. The total number of instruction cycles required to execute the 
internal loop is therefore 5 cycles (and at 1 uS per cycle, 5uS). The count variable 
is loaded with 198 when the delay is set up, so the total time to complete the 198 
internal loops is 990 uS. Let’s take a look at this section of the delay subroutine and 
verify this with the simulator. 
First, clear the previous break points by double clicking on the lines of code 
with the break points. Next scroll down into the delay1ms subroutine and set 
a break point on the goto $+1 line of code. Build and run the program and the 
program execution will stop at the break point. Zero the Stopwatch. Finally, step 
through the program using the F7 key and take note of the instruction cycle counter. 
The goto $+1 instruction requires 2 cycles, the decfsz count, f instruction requires | 
additional cycle (3), and the gato dly1ms instruction requires 2 more cycles (total of 5). 

From this test, it should take a total of 990 uS to complete all 198 iterations of the 
internal loop. Do the following to check this predication. Do not clear the Stopwatch. 
Clear the break point on the goto $+1 line of code and set a new break point on the 
return opcode, When you click on RUN, the internal loop will be executed until the 
count variable is decremented 
to zero and the decfsz 
opcode causes a skip to the 
next opcode return (Fig- 
ure 9-9). Notice that the 
number of instruction cycles, 
and therefore time, is only 
989, not as predicted 990. 
What happened to the two 
cycies? The missing cycles 
are due to the final execution 
of the decfsz opcode. 
When the count variable is zero, the dec£sz opcode executes a 2-cycle instruction to 
skip the next line of code which is the goto opcode. So during the last iteration of the 
internal loop, there were only 4, not 5, cycles required (the goto opcode is not executed 
reducing the cycles by 2, but | additional cycle was added by the decfsz opcode.) So 
even though the time required to complete code segments can be predicted by looking at 
the instruction cycles required for each line of code, things can get a little complicated 
when branching decisions are involved. This requires the use of some techniques to pad 
the code to get the desired delay. In this case, we need to add an additional 11 instruction 
cycles to get the desired delay of 1 msecond, 

The whole delaylmS subroutine instruction cycle accounting is listed in 
Table 9-2, The call opcode that jumps the program execution to the delay subroutine 
uses 2 cycles. The setup section of the code will add 7 instruction cycles, and the 
return opcode that ends the subroutine adds the final 2 required instruction cycles to 
give a total of 1000 cycles, 1000 uS, or 1! msecond. Confirm these numbers by setting 
a break point at the call delaylmS instruction in the main program and stepping 


Table 9-2 — Subroutine Instruction Cycle Accounting 


Opcode Oscode (loop) Inst. Cycles Cycle Subtotal Running 
Total 
call delayimS ee 2 2 
[| sid 
movilw .188 eee ee, 3 
[| _movwi count Sr —— i 2 4 
i: ae | Fae 5 
| goto $+1 2 5 7 
1 goto $+1 2 7 g 
dlyimS 
goto $+1 2 2 
dectsz_count, f 1} 3 _| 
goto dlyimS 2 5 
998 
return a 2 | 1000 


through the program from that point. 

You may not be able to create the required pad in your code by manipulating 
variables. There were two techniques used in this subroutine to added instruction cycles 
without affecting registers or variables, in other words, opcodes that kill time. The 
first was the nop opcode. This |-cycle opcode actually performs no operation; it just 
expends | instruction cycle. The second was the goto $+1 instruction. The goto 
opcode is a 2-cycle instruction. The $ is an assembler reference to the program counter 
— the +1 simply adds one memory address location to the current program counter 
represented by the $. The result of this goto opcode then is that the program counter 
simply advances to the next instruction. The advantage of this programming technique is 
that it takes two instruction cycles, but requires only one opcode (one word of program 
memory) to accomplish this delay. You could have used two nop opcodes (two words 
of program memory}, but that would have not been an efficient use of program memory. 
Keep this technique of using the goto $+# to advance the program counter in mind. It 
might come in useful later in your programming experience, particularly when you want 
to increment through a data table. 

So far you have jooked at programming code to create a very precise delay of | 
msecond. The precision of this delay is only limited by the accuracy of the device clock. 
You can now use the basic delay interval of 1 msecond to create delays that are multiples 
of 1 msecond by making sequential calls to the delaylmS subroutine. There are 
examples of this technique in the program code. The actual development of these more 
lengthy delays is not that simple. You will need to compensate for the code overhead 
to make multiple calls to subroutines by “tweaking” your code with delay padding as 
mentioned above. 

The delay routine that you have studied used one 8-bit counter to control the 
number of iterations of the internal loop. More lengthy delays can be achieved by 
nesting counters. By adding counter variables you can create delays based on increments 
of 8-bits (16, 32, 64 and so on) to create some very long delays. This is actually the 
difference between the TMRO timer resource (8-bit counter) and the TMR1 timer resource 
(16-bit counter), 


Creating Your Own Unique Delay Subroutine 


How do you create your own unique delay subroutine? Start out first by writing the 
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internal loop code and calculating the number of instruction cycles or the time required 
to execute a single loop. Divide that time into the total delay time required to calculate 
the value that needs to be loaded into the loop counter variable to the nearest integer. 
Write the delay setup section of the code and calculate the number of instruction cycles 
required for this overhead section of the code. Don’t forget to include the aumber of 
cycles required to call and return from the subroutine. Finally, add padding code to 
tweak the code ta obtain the desired delay. 

As you create your own library of delay routines, it is good practice to keep them 
handy for use in other programs, just as you will see illustrated in the programs in this 
text. Simply cut and paste the subroutines in your new code. Keep in mind, that in the 
majority of your applications you wil] have plenty of memory space available for your 
programs, however, for larger programs you may have to trim the excess, unused delay 
subroutines from your code listing to get it all to fit in available memory space. 


There are timer resources available on most MCU devices that operate 
independently of your program code and can generate interrupts at specific ime 
intervals to jump the program to interrupt service routines to accomplish required tasks. 
There are times when longer delays are required for an application and these delays can 
be accomplished through delay subroutines designed for the purpose. A good program 
habit is to develop a library of delay routines that can be cut and pasted into other code 
as required. The core of a delay subroutine is an internal loop that ts accomplished a set 
number of times based on the starting value in a loop counter variable. The time required 
to accomplish one internal loop is used as the base line time that is multiplied by the 
value loaded into the loop counter variable to get an approximation of the overall delay. 
Subroutine setup and exit time is added to the loop time and padding instructions are 
added to the code to tweak the final delay interval. Standardized delays, 1 msecond for 
example, can be added to create more length delays. Nested loop counter vartables also 
can be used to create longer delays. The MPLAB Simulator is a powerful tool that can be 
used to determine the number of instruction cycles required to execute the delay code. 
The number of instruction cycles can be transjated into the actual time delay by knowing 
the period of the device system clock. The accuracy of the delay is therefore dependent 
on the accuracy of the system clock oscillator. 


Review Questions 
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9.1 Serial communications is based on precise timing of pulse widths. The pulse widths can be 


calculated by the formula time = 


! 


baad” For 4800 baud, the time interval is 000208 seconds. 
(ern 


Write a delay subroutine to generate bit pulses of this duration and test your code using the 


MPLAB Simulator tool. 
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Basic 
Input / Output 


Objective: To learn how to configure and use the two PICI6F676 I/O Port pins to send (output) 
logical states to specific port pins and/or to detect (input) logical states on specific port pins. 
Reading: P/C/6F630/676 Data Sheet, pages 19-21, 27. 

Program: Program Files/Ch 10 Program/On Off Button 


Configuring Input/Output (1/0) pins for Digital States 


Microcontrollers interact with the outside world though collections of pins that 
make up input/output (/O) ports. In the case of the PIC] 6F676, there are two 1/0 ports, 
PORTA and PORTC. Other MCUs have more or less /O ports. The individual pins can 
be configured to interact with the outside world through digital logic states (on or off, 
high or low} or through analog voltages (any voltage level between reference extreme 
voltages). In this chapter on basic input/output, we will examine I/O pins configured for 
digital states. 

Before the ports can be used, they must be configured for either input or output 
and configured for analog or digital voltages. The individual pins within a port can be 
configured to output logical! states (either high, or +5 V, or low, or 0 V), or they can be 
configured to sense the logical states on individual pins and return a value of | (for high 
or +5 V) or 0 (for low or OV). The port configuration is controlled by specific Special 
Function Registers (SFRs) that are addressed tn the device initialization section of the 
program code. There are also instances when the configuration of a port or individual 
pins needs to be changed in the body of the program. To do so, the same SFRs are 
changed during program execution, 

During this discussion and throughout this text, you need to make the distinction 
between the resource identifier as it is listed in the documentation, such as the PORTA 
pin RAO or PORTA, 0 and the physica! pin of the integrated circuit package that is 
used by the resource. For instance, the I/O pins of PORTA are referred mnemonically 
in the device documentation as RAO through RAS. In the actual program to refer to the 
RAO V/O pin of PORTA, you will see PORTA, 0. The actual physical IC pin number 
for PORTA, 0 or RAO is pin number 13. So for programmung purposes you will use the 
{/O port pin number, for study and documentation you will use the mnemonics, and for 
project wiring, you will use the physical IC pin number. 


Port setup — Special Function Registers 


Port setup. There are four SFRs that need to be set up to configure the I/O ports: 
ANSEL, TRISA, TRISC and WPUA. 


ANSEL Analog Select Register 


ANSI ~ TANSO 


RAI RAG 


The Analog Select Register (ANSEL) assigns individual I/O pins to accept either 
analog or digital voltage levers. Not all che I/O pins need this kind of flexibility because 
not all pins can be configured with comparator or ADC resources. If the individual bit 
within the ANSEL register ts SET, then the associated pin is assigned for analog input 
use. If the individual bit within the ANSEL register is CLEARED, then the associated 
pin is assigned for digital input use. When a pin is assigned for analog input, other 
digital input circuitry resources such as weak-pull-up resistors and interrupt-on-change 
capabilities are automatically disabled. 
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TRISA PORTA Tr-state Register 


= 
Uniroplernented RAS 


Unimplemented 


The Tristate Registers (TRISA and TRISC) are used to configure the appropriate 
port pin as either an input or output pin. There is a Tristate Register for each port and 
indicated by the last letter of the mnemonic. SETTING the appropriate bit within the 
TRIS register will make the I/O pin an input pin, conversely CLEARING the bit will 
make the pin an output pin. 


Bank 1 WPUA Weak Pull-up Register 
x x WPUAS | WPUA4 | X WPUA2 WPUAI WPUAO | 
Ununplemented Unirnplemented RAS RA4 Unimplemenzed RA2 RA! RAQ 


The last controlling register for port setup is the Weak Pull-up Register, WPUA.) 
There are weak pull-up resistors tied to all the PORTA I/O pins except RA3. This is 
because RA3 is used for multiple purposes that are not consistent with an internal weak 
pull-up resistor. If a weak pull-up resistor is required for a particular application on 
RA3, this resistor would have to be added externally to the circuit. The purpose of the 
weak pull-up resistors is to provide a current source when the I/O pin is configured as 
an input pin which places the pin in the high impedance state. There are no weak pull- 
up resistors internally attached to PORTC I/O pin and therefore there is no associated 
WPUA-like register for PORTC. As with pin RA3, or PORTA, 3, weak pull-up resistors 
would have to be externally connected to PORTC VO pins if needed. To configure the 
weak pull-up resistors, the appropriate WPUA bit would be SET. Additionally, the 
PORTA Pull-up Enable bit (RAPU) in the Option Register (OPTION_REG} would have to 
be CLEARED. This bit enabies all the individually enabled weak pull-up resistors (See 
Chapter 6). Note that the weak pull-up resistors are automatically disabled if an I/O pin 
is configured as an output (TRISA associated bit CLEARED) regardless of the WPUA 
bit or global RAPU bit configuration. 


Example Code Segments 


Let’s take a look as some example code segments that would be included in the 
Initialization section of the program code to configure the ports. In this first example we 
want to configure all the port I/O pins as outputs to drive a series of light emitting diodes 
(LEDs). 
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BANKSEL 
moviw 


movwt 
movlw 


movwt 
movlw 


movwt 
movilw 
movwe 


BANKSBL 


clrf 
clrf 
ext 


clrw 

movwe 
movwt 
movwt 
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Bank j;selects BANK1 

b'190000000° iload w reg with configuration bits 
ifor the OPTION REG, in this case 
jdisable weak pull-ups 


OPTICN REG jput w reg into option register 

b’ 00000000' jload w reg with PORTA I/O pin 
pconfiguration (0 = output, 1 = input) 

TRISA ;configure register for PORTA 

b‘ 00000000" jlead w reg with PORTC I/O 
jconfiguration (could also use clear} 

TRISC ;configure register for PORTC 

b’ 00000000" ;load w reg with analog or digital pin 


jassignments (O=digital, i=analog}), 
phere all digital 


ANSEL ;configure register for all digital I/0 
;pins 

Banko jpack to BANKO for rest of the 
pprogram 


This program code is not the most efficient use of program memory space and 
is listed here for illustration. The programming examples used in this text are not 
necessarily the most efficient and are focused on instruction. In this case, these 
instructions would be more efficient: 


TRISA 7sets all bits to zero 
TRISC ;sets all bits to zero 
ANSEL ;sets all bits to zero 


The clrf opcode sets all the bits in the target register to zero. Another alternative 
approach Is: ; 


;load w req with all zeros 


TRISA jsets all bits to zero 
TRISC ;sets ail bits to zero 
ANSEL ;sets all bits to zero 


In this code, the w-register is CLEARED and then that value is assigned to each of 
the following registers to CLEAR each. The first example however is preferred if you 
are going to cut and paste code between programs. 

In the next example of port setup code, let’s modify the first code so that pins RA2 
and RA 4 (PORTA, 2 and PORTA, 4) and RCO (PORTC, 0) are inputs, all the other port 
pins are outputs (except of course RA3, PORTA, 3 which is always an input pin). 


BANKSEL Bankl ;Selects BANK1 

moviw b‘aococo00' jload w reg with configuration bits 
jfor the OPTION _REG, in this case 
;disable weak pull-ups 

movwt OPTION REG pput w reg into option register 

movil w b’00010100' load w reg with PORTA I/O pin 
jeonfiguration (0 = output, 1 = input) 
;RA2 and RA4 input, all others 


poutput 

movwt TRISA ;configure register for PORTA 

movilw b’ 00000001" ;load w reg with PORTC 1/0 
;RCO input, all others output 

movwt TRISC j;configure register for PORTC 

moviw b’00010100" ;weak pull-ups enabled on RA2 and 
;RA4, (l=enabled, 0=disabled}) 

movwEt WPUA penabling weak pull-ups 

movlw b 00000000" pload w reg with analog or digital pin 


jassignments (O=digital, l=analog), 
phere all digital 


movwet ANSEL ;contigure register for all digital 1/0 
pins 

BANKSEL Banko jback to BANKO for rest of the 
; program 


The code above that is bold is changed or added. The changes included clearing 
the RAPU bit of the OPTION_REG to enable weak pull-up resistors, SETTING the 
appropriate bits for input in the TRISA and TRISC registers, and adding code lines 
to enable weak pull-up resistors for pins RA2 and RA4 (remember that there are no 
interna] weak pull-ups on PORTC and therefore, if required, those resistors would have 
to be added to the circuit). ; 

Once the ports have been configured using code contained in the Jnitialize section 
of the program code, the individual port I/O pins can be accessed by SETTING or 
CLEARING the pins for output or reading the individual pins to sense the applied 
voltage for input. 


PORTA - PORTA Register 
RA4 


Pin - 3 


| Unirnplemented Unimplemented 


PORTC - PORTC Register 


Pin -8 Pin-9 Pin - 10 


Unimplemented Unimplemented 
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This first program segment simply turns on and off LEDs attached to RAO 
(PORTA, 0) and RC1 (PORTC, 1). It is assumed that the ports are initialized as outputs. 


bet PORTA, 9 pstart with LED off 
bet PORTC,1 j;Start with LED off 
program loop jthis is a label that is used for goto 

jand call statements to identify a 
jlocation within the program code. 

bsf PORTA, 0 jturns on LED by setting pin (high or 
75 Von the pin} 

bsf PORTC,1 

call waitlsec ;calls a delay routine that delays 1 
;second, not discussed in this 
;chapter. 

bef PORTA, ;turns off LED by clearing pin (low 
;or 0 V on the pin} 

bet PORTC, 1 

call waltlsec 

goto program_loop ;jumps back to the beginning to do it 
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jagain 


Lets go through this program segment. The firsttwo bcft opcodes make sure 
the LEDs are turned off. The program_loop statement is called a label that identifies a 
location within the program code to which the goto opcode can jump. This label begins 
a program segment that will be accomplished over and over again during program 
execution. The bs£ opcode SETS the addressed pin and applies 5 V to that pin. This 
applied current turns on the LED that is attached (though a current limiting resistor). 
The call opcode calls a subroutine (another code segment that is not defined here, 
but would be listed in another section of the program code) labeled waitlsec that is 
designed to delay the program | second. The result is that the LEDs will be turned on, 
then remain on for | second before other actions are taken within the code. After this 
delay of 1 second, the bcf£ opcode will clear the addressed pins and remove the 5 V 
which turns off the LEDs. A call again to the waitl sec subroutine causes the LEDs 
to be off for 1 second. The final goto opcode loops the program back to the program 
location labeled program_loop to start the process over again. The result is that the 
LEDs will flash on and off at | second intervals. This will continue until the power is 
turned off. 

The following program segment will build upon the LED on and off segment above 
by assigning a pio as an input and sensing that pin causing a reaction in response to 
some input. This segment assumes that RAO and RC1 are outputs and RA2 is an input 
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Figure 10-1 
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bef 
bc£ 


with a weak pull-up resistor enabled on that pin. There is a momentary-on push-button 
switch connected between RA2 and ground. The weak pull-up attached to RA? will 
keep the voltage on that pin at 5 V until] the push button is pressed which will short RA2 
to ground until it is released. 


PORTA, 0 
PORTC, 1 


program loop 


btfsc 


goto 


bsf 
bsf 
call 
bet 
bcf 


call 
goto 


PORTA, 2 


program lcop 


PORTA, 0 
PORTC, 1 
waitigec 
PORTA, 0 
PORTC, 1 


waitlsec 
program_loop 


iStart with LED off 
;start with LED of fF 


jthis is a label that is used for goto 
;and call statements to identify a 
;location within the program code. 
;senses the voltage on PORTA,2. If 
jthe voltage is 0 V, this command 
;returns a CLEAR condition and 

;the next command is skipped. If the 
jvoltage is 5 V, this command 

;returns a SET condition and the 

jnext command is executed. 

;1if the button is not pressed, jump to 
;program_loop and continue to do so 
juntil the button is pressed. 

;If the button is pressed the code 
;below is executed and the LEDS 

j;will flash. 

;turns on LED by setting pin (high or 
;5 V on the pin) 


;calls a delay routine that delays 1 
;second, not discussed in this 

j chapter. 

;turns off LED by clearing pin (low 
jor O V on the pin} 


jjumps back to the beginning to do it 
jagqain 


The added code statements above are in bold. The added bt fsc opcode looks at 
the voltage on pin RA2. If that voltage is 5 V, the instruction returns a SET state on that 


Figure 10-2 


pin and the next opcode is executed 

to loop the program back to the label 

program loop. If the voltage is 0 

meee}  V, the instruction retums a CLEAR 

condition on that pin and the next 

: instruction is skipped causing the 

eo program to continue to flash the LEDs 
before jumping back to the pregram_ 

loop label]. The result is that when the 

_ push button is pressed, the LEDs will 
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4 oN) flash at 1-second intervals (as long as 
» «= _ the button is pressed), when the button 
is released, the program will simply 
3 


loop and wait for a button press. 
Putting it all together, wire up 


>SSe= S255 your proto-typing board with the 


circuit in Figure 10-1 and shown in 
Figure 10-2. Then load the 
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Program Files/CH 10 Program/On Off Button project into MPLAB IDE. While 
you read the following program description, refer to the code as contained in the On Off 
Button.asm file and displayed in the MPLAB IDE editor window. 

The code below is located in the Initialize section of the program and configures 
PORTA, 4 as an input with the weak pull-up resistor enabled and PORTC, 4 as an output: 


BANKSEL Bank? ; BANKI 

moviw b* 90000000" ;eneabling weak pull-ups 

movwEt OPTION REG jput w reg into option register 
movilw b* 00010000" ;RA4 as input, all others output 
movwe TRISA jprogram PORTA 

moviw b’ 00010000° jenable weak pull-up on RA4 
movwet WPUA 

moviw b’00000000° ;all PORTC as outputs 

movwt TRISC ;program PORTC 

moviw b’ 00000000° jall pins digital 

movwt ANSEL 

BANKSEL Banko jback to bankd 


main 
btfse 
goto 


bsf 
call 
bc£ 
call 
goto 


Summary 
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The code below is located in the main section of the program and senses the voltage on 
PORTA, 4 waiting for you to press the button. Once you press the button to short PORTA, 
4 to ground, the program continues to flash the LED. Release the button and the LED ts 
off and the program waits for the next button press. 


PORTA, 4 ;check if button pressed (0) 
main jif @ then skip this goto 
PORTC, 4 ;turn on LED tied to RC4 
waltlisec wait for 1 second 

PORTC, 4 ;turn it off LED 

waltisec jwalt another second 

tain jdo it again 


If you seroll down to where the delay routine code below is listed, you will find the 
code for the waitlsec subroutine that is called by the main program. The waitlsec 
subroutine is actually made up of additional calls to other subroutines. The waitlsec 
subroutine calls the wait300 mS subroutine three times. The wait390 mS subroutine 
will cause a delay of 300 milliseconds for each call. Then the waitisec subroutine ends 
with a call toawait190mS subroutine that causes a delay of 100 milliseconds. The 
sum of these delays adds up to } second. 


‘This chapter has focused on the setup and the basic use of the I/O part pins of the 
MCU. The setup of the ports in the program Initialization section included using the 
ANSEL register to dictate if a port pin is configured for digital or analog level voltages, 
the TRIS registers to dictate if a port pin resource is an input or an output and the WPUA 
and OPTION_REG registers to enable weak pul]-up resistors internally attached to 
PORTA resources. We learned a hardware nuance that the weak pull-up resistors are 
disabled on an associated pin when that pin is configured as an output. Once the I/O 
resources are configured for digital input/output you learned that the bsf and bef 
opcades will either SET or CLEAR the oprand pin. Finally you learned that the state of 
an input pin can be sensed and appropriate action taken by the program. For instance 


bifsc will sense the state on the appropriate pin and if the state is CLEAR, the next 
staternent is skipped, if it is SET, the next instruction is executed. As an example: 


btfise PORTA, 1 
goto somewhere 
continue with program 


Review Questions 


10.1 List the code that would be required to configure the I/O resources of the MCU so 
that RAO, RA3, RA4, RCI and RC2 are digital inputs, the rest of the pins are digital 
outputs and Weak pull-up resistors are enabled on the PORTA input pins. 


10.2 List the I/O restrictions on RA3. 


10.3 You have a pin in PORTA configured as an input with the weak pull-up resistor 
enabled for that pin. Inside the main program, you would like to momentarily change 
the direction of that pin to an output. What command(s) would you need to inchide to 
do the switching from input to output and back again? 


10.4 Write a command Line that is an alternative to: 
movlw bb’ 00000000' ~ 
novwt PORTA 


10.5 The following command segment will toggle the status on pin PORTA, 4, which 
means if the pin is SET, the program will CLEAR the pin, and vice versa: 


befse PORTA, 4 ; 
bef PORTA, 4 
botfss PORTA, 4 
psf PORTA, 4 


continue _with_program 


Write a tighter (more efficient code) that will accomplish the same task. (Hint: look 
at the xorwf command.) 


10.6 Switches are notorious for contact bouncing, which means that when the contacts 
within a switch are opened or closed, there is not an instantaneous make or break of 
the switch contacts. When the switch closure or opening is sampled fast enough with a 
computer, multiple closures or openings could be detected with potentially disastrous 
results. Write a code segment that would help to alleviate the switch contact bounce 
issue. 


10.7 Write out the default configuration for the ANSEL, TRISA, TRISC, OPTION_REG, 
and WPUA registers. Under what resource configuration conditions would the default 
configurations of these registers be okay, meaning you would not have to address these 
registers tn the Initialization segment of your program? Would it be advisable to use 
the default configuration instead of deliberately configuring these registers, why or 
why not? 


10.8 Adjust the code that you used during this chapter to flash an LED when the switch 


was pressed so that two LEDs flash but alternately (when one LED is on, the other is 
off and vice versa). 
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10.9 Adjust the same code so that the LED is flashing when the switch is open and stops 
flashing when the switch is closed. 


10.10 Adjust the same code to make a stop light simulation. In this simulation, the red 
LED is on until the switch is pressed. Then like the operation of a stop light, there is a 
pause, then the red light goes out and the green LED comes on for a short period. After 
the green period, the yellow LED comes on, the green goes out for a short period. 
Finally, the red LED is tarned on and the yellow is turned off and the program awaits 
for the next switch press (the car). 
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Analog to 
Digital Converter 


Objective: To learn how to configure and use the eight PIC16F676 analog to digital converter 
(ADC) resources to sense variable voltages applied to an I/O pin and display the digital value 
that is proportional to the applied voltage relative to a reference voltage. 


Reading: PiCi6F630/676 Data Sheet, pages 43-48. 
Program: Program Files/Ch 11 Program/ADC 


The Analog to Digital Converter (ADC) — Powerful MCU Resource 


The most powerful resources contained in MCUs are analog to digital converters 
(ADC). An analog to digital converter is a circuit that takes an instantaneous sample of 
an applied voltage, compares the level of the sensed voltage to a reference voltage and 
using a mathematical algorithm (commonly a binary search algorithm is used) returns 
a digital value that represents the proportional relationship between the two voltages. 
ADCs are typically used with peripheral sensors that measure an environmental factor 
and report that measurement as a voltage that in turn is sensed by an MCU to take some 
action, For mstance, the sensor might be a temperature sensor, one of the most common 
sensors. The temperature sensor measures the temperature of the device that is being 
monitored. The value of the temperature is returned as some calibrated voltage level 
that is proportional to the degrees of temperature. The MCU in turn would monitor the 
output voltage of the temperature sensor using an ADC and waits for a specified voltage 
level before taking some action, for instance, turning off or on a heating element. 


ADC Level of Accuracy 


ADC Limitations 


11-2 


Chapter 11 


The level of accuracy for measuring this relative difference between the two voltages 
1s indicated by the bit resolution of the ADC. In the specific case of the PIC16F676, there 
are § 10-bit ADCs available. Ten-bit resolution means that the resolution of the ADC 
could detect 1024 incrernental steps of the reference voltage (b°I11ILI LL Li’= 1023 
decimal). [If the reference voltage ts 5 V, then the ADC could resolve voltage changes of 
4.9 mV [(1/1023) x 5 V =4.9 mV]. This level of resolution does not take into account 
the influences of various kinds of noise injected into the system from electronics and 
conversion schemes that in reality reduce the practical resolution (a discussion beyond 
the scope of this text, but the limitation that needs to be considered in the most stringent 
applications), Continuing with this discussion, if the voltage being measured by the ADC 
is 3.9 V and the reference voltage is 5 V, it would be anticipated that the ADC would return 
a value of 798, [(3.9/5) x 1023] = 798). The MCU would be programmed to take some 
action based on this ADC value. 


There are some ADC limitations to consider. It takes a finite amount of time to 
sense the voltage being measured before the conversion can be accomplished. There 
actually is a smal] value capacitor that is charged by the applied current and enough time 
needs to be allowed for this capacitor to charge up and reach the voltage level being 
measured. Additionally, it takes some time for the MCU io perform the ADC algorithm. 
The amount of time required depends on the algorithm scheme and the clock speed of 
the particular device. [n the more enitical, high speed appiications, the circuit designer 
will have to study the specifications of the MCU device that is going ta be used to take 
these limitations into consideration. 


ADC setup 


Before you set up the ADC resources for use you will need to do some preplanning. 
First, you will need to define what reference voltage you will use. You have two 
choices — use the internal V,, (5 V) voltage or some external variable reference voltage 
(up to the value of V,,) that is applied to I/O port pin RAI. Using V4, a8 your reference 

voltage may be limiting, but many of the external sensors that you will be using use 

Vaq as the reference. Using an external voltage will give you a lot of flexibility and 

may improve the measurement accuracy but at the expense of tying up one of the I/O 
resources for the purpose. In the program example of this chapter, you will be using Vy, 
as the reference voltage. 

Second, you will need to determine which I/O port pins will be used for ADC. You 
can assign up to 8 pins to ADC resources, but only one ADC measurement can be made 
at a time since each of the ADC-assigned pins (called channels) share some common 
curculfry. 

Third, you will need to research the minimum conversion ime required for the 
device and determine the appropriate clock speed for the ADC to meet that minimum 
time. The PICL6F676 requires 11 clock cycles to complete the conversion algorithm and 
1.68 according to the documentation. There are operating frequencies for the device 
and various Vy4 voltage levels possible. All interact to affect the ADC performance. 
Fortunately there is a selection chart that provides some guidance on selecting the 
appropriate ADC clock frequency on page 44 of the device documentation. In the 
exercise of this text, you will be using the internal device clock that runs at a frequency 
of 4 MHz. Cross referencing that clock frequency with the minimum conversion time 
required of 1.6 uS returns an ADC to system clock ratio of [| to 8, so plan on using a bit 
setting in the ADCON] register to set the ADC conversion clock to Fose/8 (more on this 
will follow). . 

Finally, you will need to determine the justification of the ADC output data. The 
ADCs on the PICI6F676 are 10-bit resources which means that the ADC value will 
require 2-bytes to hold the output value, but only [0 of the 16 available bits. This 
means that 6 bits 0 unused. Often, you will want to shift bits out of the registers that 
hold the ADC output values, or you wal] want to truncate either the upper or lower bits 
depending on the application. This will determine if you want the ADC output value to 
be right- or left-hand justified within the two ADC output registers. In the exercise of 
this text, you will be using nght-hand justified data in the ADC output registers meaning 
the lower byte of the 10-bit ADC output will be held in the lower ADC output register 
(ADRESL) and the remaining upper 2-bits will be held in the upper ADC output register 
{ADRESH). 


Special Function Registers to Be Configured to Use the ADC Resources 


There are three SFRs that need to be configured to use the ADC resources of the 
16F676. These registers are configured in the Initialization section of the program. 


ADCONO — The A/D Control Register 


The state of the ADFM bit within ADCONO determines the ADC output format. 
The 10-bit output of the ADC is placed in two registers, the high byte in ADRESH and 
the low byte in ADRESL. If ADCONO, ADFM is SET, the output is right justified with 
the lower 8-bits of the ADC output placed in ADRESL and the upper 2-bits placed in 
the lower portion of the ADRESH. If ADCONO, ADFM is CLEARED, the result is 
left justified with the high 8-bits of the ADC output placed in ADRESH and the lower 
2-bits placed in the upper portion of ADRESL. The voltage reference used by the ADC 
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is determined by the VCFG bit. If ADCONO, VCFG is SET, the reference voltage is an 
extemal voltage applied to pin RAI, if ADCONO, VCFG is CLEARED, V,,, is used as 
the reference voltage. The ADC channel setting is determined by configuring the CHS?, 
CHS1, and CHSO0 bits as appropriate for the channel desired. These bits along with 

the next bit, GO/DONE, are frequently changed during the main part of the program. 
The GO/DONE bit of the ADCONDO register is used fo start the ADC conversion by 
SETTING this bit in software. Upon the completion of the ADC conversion, this bit 

ts CLEARED by the PIC16F676 hardware. You can pole this bit during the ADC 
conversion to check to see if the conversion 1s in progress or completed. The final bit, 
ADON, is SET to turn on the ADC module or CLEARED to turn off the ADC module. 
In the off state, the module draws no current. 


Bank 0 ADCONO A/D Control Register 


GO/DONE 


A/D Result Voltage Unimplemented Analog Channel Analog Channel Analog Channel A/D Conversion A/D Off 


Formed Select bit Reference bil Select bil Select bil Select bi STATS bit _ Off bit 


ADCONI — The A/D Control Register I 


This register has only three bits implemented. The ADCS?2, ADCS1, and ADCSO 
bits are used to determine the ADC conversion clock rate. These bits are SET or 
CLEARED as outlned in the device documentation for the appropriate clock rate. The 


examples in this text will use a conversion clock rate of Fosc/8 which equals a bit pattern 
of BOOT’. 


Bank 1 ADCONI Control Register 1 
ADCSO x 


Unimplemented AID Unimplemented Unimplemented Unimplemented Unimptersented 
Conversion Conversion Conversion 
Clock Select Clock Select Clock Select 
bits pits bits 


ANSEL — The Analog Select Register 


You have seen the final ADC associated register before. The ANSEL register 
assigns individual I/O pins to accept either analog or digital voltage levers. Because the 
ADC will be measuring analog voltages, the pin resource associated with the ADC need 
to be configured for analog input by SETTING the appropriate bit in ANSEL. 


| Bank 1 ; ANSEL Analog Select Register 7 
ANS7 | ANS6 ANSS ANS4 ANS3 [ans2 Tansy ANSO 
RGB 


Code to Configure the ADC Resources 


Now let’s take a look at some code that would be placed in the Initialize section 
of the program to configure the ADC resources. The following examples are extracted 
from the example program that you wil) use later in this chapter (Program Files/Ch 11 
Program/ADC). The following lines will configure the PIC16F676 so that RCO is an 
analog input assigned to the ADC, nght justified and V,, as the reference voltage. 
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movlw b* 00000111" jnon inverted, comp with output 

movwt CMCON 

movilw b’ocoocadn’ ;globals, peripherals, RA2 int, clear INTF 

movwt INTCON 

moviw b’10010001° ;right justified, Vdd ref RCO has ADC, 
;ADC stopped, ADC resource connected 

movwet ADCONO 

BANKSEL Bankl1 ;qg0 to Bankl 

movlw b’ ocooco00* jload w reg 

movwt OPTION _REG jput w reg into option register 

moviw b‘00010000° ;Fose/s 

movwEt ADCON1 

mov lw b’aGd00000" jload w reg with PORTA I/0 

movwe TRISA jprogram PORTA 

movlw b’ 00000001’ ;load w reg with PORTC I/O (RCO input ail 
pothers output) 

movwt TRISC ;program PORTC 

moviw b'G0010000" ;RCO analog, ail other digital 

movwt ANSEL 

BANKSEL Banko jback to Banko 


Now more closely examine the bolded lines of code. Those are the ones specifically 


~ associated with the ADC. The bit pattern b’10010001° sets up the ADCONQ 


register with right justified (ADFM=1), voltage reference V4, (¥CPG=0), the next bit 
unimplemented, ADC channel AN4 (RCO) selected (CHS2=1, CHS 1=0, CHSO=0), 
ADC stopped (GO/DONE=0), and ADC connected and operating (ADON=1). This bit 
pattern is loaded into the W-register and then in turn loaded into the ADCONDO register in 
memory Bank 0. 

The fastest ADC conversion clock that wil] give reliable conversions with the 
4 MHz. clock frequency used with the device and still be within the minimum conversion 
time of 1.6 wS specified for this device is Fosc/8. The bit pattern b‘ 60001000’ sets 
up the ADCON] register with ADCS2=0, ADCS 1=0 and ADCSO=1. This bit pattern 
is loaded into the w-register and then in turn loaded into the ADCONI register. Note 
that ADCON] is in memory Bank | and therefore that Bank 1 has to be selected before 
actions can address ADCON1. 

Finally, the RCO pin needs to be designated as an analog pin. The bit pattern 
b*00010000' sets up the ANSEL register with bit ANS4=1, ihe other bits CLEARED. 
This bit pattern is loaded into the W-register and then in turn loaded into the ANSEL 
register. This register is also with Bank 1. 

All that is left to do to use the ADC on RCO is to start the conversion, then read and 
act upon the result. That is what is accomplished in the following code extracted from 
the ADC program. 


bsf ADCONO, GO iset GO bit to begin ADC conversion 
wait ADC 

btfsc ADCOND, GO icheck if ADC complete (cleared bit) 

goto wait ADC iif not, loop and wait until clear 

BANKSEL Bank] ;switch to Bank 1 to access ADC low 
ibyte 

moviw ADRESL 

BANKSEL Banko igo back to Bank 0 to access 1 byte 
jvariable 

movwst 1 _ byte 

moviw ADRESH ;get ADC high byte 

movwt h_byte 7put in h byte 
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The ADCONO GO/DONE bit is assigned the mnemonic GO in the PIC] 6F676.inc 
file and that is how that bit is referred to in this code example. The bsf£ opcode SETS 
the ADCONO, GO bit and starts the ADC conversion. It takes a finite amount of time for 
the PIC16F676 to complete the conversion. Once the conversion 1s complete, the device 
hardware will CLEAR the GO bit. The next three lines of code will sense the value of 
ADCONO, GO bit with btfsc. If that bit is SET, the conversion is not completed and. 
the program jumps back to the label wait_ADC until the conversion is completed and 
the GO bit is CLEARED. Once the ADC conversion is completed, the 10-bit right- 
justified result is loaded into SFRs reserved for the ADC result ADRESL (which is in 
Bank 1) and ADRESH (which is in Bank 0). The memory bank is switched to Bank 1 
so that the low 8-bits of the ADC result in ADRESL can be accessed and loaded into 
the w-register. Once the value is in the w-register, the bank is switched back to Bank 0 
where the 1 byte variable space is reserved and the contents of the w-register is loaded 
into 1_byte. It is not necessary to switch banks at this specific location in the code of 
this example to access the 1_byte variable location because in the 16F676 the General 
Purpose Registers, memory locations 0x20 to O0x5f, are mapped across the both banks. 
However it is a good habit to consider — being in the appropriate bank — because 
other MCUs that you might use may not have the same cross mapping architecture. 

In any event there is no code savings because you still need to switch banks to access 
ADRESH. Finally the high 2-bits of the ADC result in ADRESH are moved into the 
variable space h_byte. The code that follows this segment would take some action 
based on the ADC result. 


Putting It into Practice —Build Up the Circuit 


Now it is your turn. Build up the circuit as depicted in Figure 11-1 and as illustrated 
in the picture in Figure 11-2. This circuit places a 10K © variable. resistor on RCO GC 
pin 10). The top side of the potentiometer is connected to Vj, (which is the reference 
voltage) and the bottom side to ground. The LCD display is set up so that the ADC value 
can be displayed. Load the ADC project located at Program Files/Ch 11 Program/ADC 
into MPLAB IDE, build the program and install it into the PICL6F676. 

If you review the code in the program (file ADC.asm) you will see program lines 
that are associated with working with the LCD display. Do not be concerned if you 
do not fully understand these lines of code at this time. They will be covered in later 
chapters of this text. The following gives just a brief explanation of the purpose of these 
lines simply to put them in context for the main focus of this exercise. 

The following lines send the characters “RCO” to subroutines that in tum send these 
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Figure 11-1 
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Figure 11-2 


characters to the LCD for display. The subroutine sends the characters serially to the 


LCD: 

movilw LCD LINEO 7sends text to LCD display 
call LCDOutput 

moviw “RY 

cali LCDOutput 

moviw ee 

call LCDOutput 

moviw Boss Gin 

call LCDOutput 


The following two lines move the cursor on the LCD to a position where the ADC 
value will be displayed: 


moviw LCD LINEOt+4 jmoves LDC display location 
;to line 
70 position 4 

call LCDOutput 


Finally, the cail to the LCDOutput subroutine converts the 4-digit decimal ADC 
value into a format that can be displayed on the LCD and then displays the value. 

The main body of the program that does the ADC conversion should look familiar. 
It was discussed in detail above. 


Applying Power to the Circuit 


When you apply power to the circuit, the LCD will display RCO and then the ADC 
value (Figure 11-3). If you adjust the variable resistor, the value of the ADC will change 


Analog to Digital Converter 11-7 


Table 11-1 

Voltage ADC 
0.03 4 
0.5 100 
1 201 
1.4 304 
2 403 
2.5 508 
3 608 
3.49 707 
4 809 
45 911 
5.04 1022 


Predicted 
ADC 
6 
101 
203 
304 
406 
507 
609 
708 
812 
913 
1023 


proportionally to reflect the digital value of the 
voltage applied to RCO. If you take a close look 
at the 1’s digit of the ADC value, you will see it 
rapidly change +/— some value. This is due to the 
noise injected into the circuit by electronic and 
computational limitations. 

Next, using a voltmeter, measure the voltage 
applied to RCO (the center post of the variable 
resistor) and record the ADC value from one 
extreme (0 V) to the other (V,, or 5 V). Next, 
calculate the predicted ADC value based on the 
applied voltage relative to the reference voltage 
using the formula (voltage/Vref} x 1023 (on my board, Vref was measured 
to be 3.04 V). Record these data points next to the observed ADC values for 
comparison. The data in Table 11-1 was collected. This data was then graphed 
using Excel graphing utilities and shows good linear ADC conversion (Fig- 
ure 11-4). 


Summary 


Analog to Digital Converters are very powerful resources on MCUs. 
The PIC!6F676 has up to 8 10-bit ADCs available. The special function 
registers ADCONO, ADCONI, and ANSEL are used to select and configure 
these available ADC resources. The output of the ADC is stored in two SFRs 
ADRESH and ADRESL. The ADCs have good conversion linearity and 
therefore have a predictable outcome. 


ADC Reading 
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Figure 11-4 
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Voltage In 


Review Questions 


11.1 The ADC resources of the PIC16F676 share common input circuitry. What 
considerations must be taken because of this common circuitry? 


11.2 Which register and bit are used by the PIC] 6F676 hardware to signal that the 
conversion is still in progress? 


11.3 Which register and bit can be used to disable the ADC circuits (this also would 
reduce chip power consumption)? 


11.4 Can you read both the ADRESH and ADRESL registers while operating in memory 
Bank 0? 


11.3 Is bank switching required in this code snippet? Explain your answer. 


BANKSEL Bankl 
moviw ADRESL 
BANKSEL Banko 
movwi 1 byte 


11.6 What could you do if you wanted to reduce the noise present on the LSB of the ADC 
output by changing the ADC output from 10-bits to 8-bits? Write a short code segment 
to efficiently accomplish this change. (Hint: look. at left justifying the ADC data.) 


11.7 What would happen to the contents of the ADRESH and ADRESL registers if you 
clear the ADCONO, GO bit before the ADC conversion is completed? 
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Comparator 


Objective: To Jearn how to configure and use the PICI6F676 analog comparator resource to sense 
the relative difference between two input voltages and program an appropriate response. 


Reading: P!C}6F630/676 Data Sheet, pases 40-44. 

Programs: Program Files/Ch 12 Program/Comparator_1 
Program Files/Ch 12 Program/Comparator_2 
Program Files/Ch 12 Program/Comparator_3 


The Comparator Circuit 


As the name implies, a comparator circuit compares the relative value of two 
input voltages and returns either a high or Low state based on the comparison. The 
comparator has two different inputs, one non-inverting (+) and one inverting (-). When 
the comparator is configured in the non-inverting mode, if the voltage applied to the 
non-inverting input is less than the voltage appited to the mverting input, the comparator 
output wil] be low and vice versa. Alternatively, when the comparator is configured in 
the inverting mode, the outcome would be reversed. The PICL6F676 has one comparator 
circuit that can be configured eight different ways. The alternative configurations include 
inverting/non-inverting outputs, the outpur tied to one of the I/O pins in addition to a flag 
bit in a special function register, internal reference voltage tied to the non-inverting input, 
and toggling between I/O pins tied to the inverting input. During this exploration of the 
comparator resource, you will focus on just two of these configurations. 


Setting up the Comparator 


The comparator resource needs to be set up in the Initialization section of the 
program code. Configurations that need to be considered when setting up the comparator 
include non-inverting/inverting output, connecting the output to an I/O pin along with the 
special function register flag available, and/or if the internal reference voltage ladder will 
be used on the non-inverting input. _In previous program examples, the comparator was 
configured in the off mode which internally grounded the inputs to the comparator circuit 
to provide the lowest power consumption. 


The Comparator Control Register (CMCON) 


The Comparator Control Register is in memory Bank 0. The CMCON, COUT bit is 
the comparator output flag. In the non-inverting mode, COUT will be SET if the non- 
inverting input voltage is greater than the inverting input voltage. In the inverting mode, 
the COUT bit state will be reversed. The CINY bit if SET will invert the comparator 
output, CLEARING the bit will place the comparator in the non-inverting mode. The 
CIS bit is the comparator input switch when the comparator is placed in the modes 
represented by the CM2:CMO bit patterns b’ 110° or b’ 101’. The bits CM?2, CM], and 
CMO set one of the eight comparator modes. 


CMCON Comparator Control Register 


xX CINV cls | CM1 CMO 


Unimplemented Comparator Unimplemented Comparator Comparator Ke Comparator Comparator 
Output bit Ovtput Inversion Input Switch bit Mode bit Mode bit 


bit 


As was required in previous examples, the Analog Select Register, ANSEL needs 
to be loaded with the bit pattern that assigns RAO and RA] as analog inputs because the 
comparator inputs are analog and tied to those I/O pins. 
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Bank 1 ANSEL Analog Select Register 
ANS? ANS6 ANSS5S ANS4 — ANS3 ANS2 ANSI ANSO 
REI RCO RAG RAZ | RA) RAO 


The Voltage Reference Control Register (VRCON) 


The Voltage Reference Control Register uses the internal voltage reference and 
configuring this SFR ts not a trivial exercise. The PIC16F676 documentation provides 
detailed instructions on the voltage range and step resolution of the internal reference 
voltage and the instructions require solving a few algebraic algorithms to set the desired 
reference voltage. The reference voltage is based on a proportion relative to V,,,. In 
this discussion, it is assumed that V,, is 5 V. The reference voltage is divided into two 
ranges, the low range will allow 16 voltage steps between 0 and 3.125 V — steps 
of approximately .2 V; the Aigh range will allow 16 voltage steps between 1.25 and 
3.59 V — steps of approximately .[5 V. The VREN dit enables the internal voltage 
reference if SET, disables and powers down if CLEARED. The VRR bit determines 
the voltage reference range used — SET for the low range, CLEAR for the high range. 
The VR3:VRO bits set the proportional value of the selected range as calculated in the 
documented algorithms (0 to 15, b’0000’ to b’ 1111"). The following are two examples 
of using the algorithms. 


For the low range, the algorithm is: ¥ = 


(b’ [OL0") and 5 V for V4: 2.08V =x The reference would be 2.08 V. 


ee: Substituting VR3:VRO = 10 


Por the high range, the algorithm is: V = al ea 


} V,,- Substituting 


VR3:VRO = 12.b'1100" and 5 V for Vag: 3-125V = cae The reference 


would be 3.[25 V. 


VRCON Voltage Reference Control Register 


X VR2 
CVref Unimplemented CVref Range Unimplemented C¥ref Value CVref Value CVref Value CVref Value 
Enable bit Selection bil Selection Selection Selection Selection 
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Initialization Segment of the Program Code for Setting Up Comparator 


42-4 


The following is a portion of the Initialization segment of the program code that you will be using 

in this chapter’s exercise. The entire Initialization segment of the code can be reviewed and 

studied in MPLAB IDE, only the relevant lines of code associated with setting up the comparator 

are reproduced here. 

moviw b' 00000001" ;non inverted, comp with output 

comparator with non inverted output, +/- inputs 
;connected CM2:CM0 = 001,COUT connected to 
;RA2 - use in step one of exercise 


} moviw b’o00010001' pinverted, comp with output 
comparator with inverted output, +/- inputs 
;connected CM2:CM0 = 001, COUT comnected to 
;RA2 - use in step two of exercise 


; movlw b' 000000106" ynon-inverted, comp without output 
;comparator with non inverted output, +/- inputs 
;connected CM2:CMO = 010, COUT not connected 
;to RA2, must be read in 
;software - use in step three of exercise 


movwe CMCON ; 

BANKSEL Bankl ; BANK1 . 

movilw b'oo0ggdi1’ ;RAO, RAL is analog, all other digital 
movwEt ANSEL 

BANKSEL Banko jback to banko 


The setup code contains code for three different comparator configurations, two are “commented” 
out to facilitate exploring the comparator during the exercises. Review again the comparator 
modes that are graphically summarized on page 41 of the PICI6F630/676 Data Sheet for the 
following discussion. The comparator is configured by the bit pattern that is loaded into the 
CMCON special function register. The bit pattem is first loaded into the w-register and then the 
contents of the w-register are transferred into the CMCON register. 


movlw b‘00000001‘ The COUT bit (comparator output bit) works in concert with 
the CINV bit (comparator inversion bit) to determine the reaction of the comparator relative 

to the input voltages. If the comparator is non-inverting, the comparator output will be SET if 
V,.4 18 greater than V,, and CLEAR if V,,_is greater than V.,, If the comparator ts inverting, 
the comparator ontput will be the opposite. The bit pattern b’ 00000001’ CLEARS CINY and 
therefore makes the comparator non-inverting. 


The CM2:CMO bits of CMCON determine the comparator mode. Within the bit pattern 
‘00000001’ the lowest 3 bits set up the comparator with the output connected to /O 
pin RA2. This allows the COUT bit to drive an external component connected to the /O 
pin as well as allow the program to access the comparator output 


movlw b‘00010001' This bit pattern SETS the CINV bit of CMCON which configures 
the comparator as inverting. The comparator mode remains unchanged. 


movlw ‘00000010’ This bit pattern CLEARS the CINV bit which configures the 
comparator as non-inverting. The last three bits of the pattem change the comparator 
mode so that the COUT bit is disconnected from the RA2 J/O pin freeing that resource 
for other uses. 
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Analog Select Register 


The final SFR that needs to be addressed in setting up the comparator is the Analog 
Select Register or ANSEL register. The inputs to the comparator are analog voltages. The 
output if connected to RA2, is at digital levels, therefore, the associated I/O pins must be 
configured appropriately. The bit pattern b‘00000011' sets up RAO and RAI as analog 
inputs and RA2 (an all other port I/O pins) as digital resources. 


Three Programming Exercises to Explore the Comparator 


You will now be doing three programming exercises to explore the use and 
capabilities of the comparator. Wire up your proto-board with the circuit illustrated m 
Figure 12-1. An example of the wired circuit is shown in the picture in Fig- 


‘le 
——. BV 


ARRLOS14 


Figure 12-1 
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ure 12-2. This circuit 
applies approximately 
2.5 V on the RAO (the 
inverting input to the 
comparator) through a 
voltage divider, a variable 
voltage on RAI (the non- 
inverting input to the 
comparator) through a 
vaniable resistor, and an 
LED through a current 
limiting resistor on RA2. 
Load the program project 
Program Files/Ch 12 
Program/Comparator 
into MPLAB IDE and open 
the .asm file for study. This 
program will be used for 
three exercises to illustrate specific points about 
the comparater. 

Lock in the Initialize segment of the code 
with particular attention to these lines of code 
(comments have been removed): 


4709 


fs) 
ic | 
2m mnovlw b‘ocaoaaoi’ 
; moviw b’ 00010001" 
ee ‘ mov lw b/ooo00010' 
Oe movwE CMCON 
eae 


Figure 12-2 


The first mov lw opcode is active, the other 
two are commented out and are inactive. These 
lines will sequentially be commented in an out 
during the exercises. The first mov1w instruction 
loads the bit pattern b’ 000090001" into the 
W-register and the movwf opcode in turn 
transfers this bit pattern into the CMCON register 
to configure the comparator with RA] and RAO 


inputs as inputs with the COUT bit tied to RA2 for output. In this configuration, the 
comparator is actually a stand-alone resource that operates regardless of what is going on 


with the program. 
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Build and Load Program 


Build and load this program into the PIC16F676. When the program is nunning in 
the circuit, adjust the value of the variable resistor through its range. At some point, the 
LED tied to RA2 will illuminate. Reversing the variable resistor rotation will extinguish 
the LED. What is happening is that when the voltage on RAI (C,,,_) 18 greater than the 
voltage on RAO (C,,,,), the LED will be off; when the voltage on RA1(C),,) is less than 
the voltage on RAO (C,,,), the LED will be illuminated. That is the basic function of a 
comparator. The following is the truth table for the non-inverted configuration. 


Using a VOM, measure the voltage on RAO. The voltage should be approximately 
half V4, or 2.5 V. Now attach the VOM to RAI. Observe the voltage 
Table 12-1 on RAI while you adjust the variable resistor through its range and 
Truth Table for the while observing the LED. Slowly adjust the variable resistor and stop 
Non-Inverted Configuration when the LED just tums on. The voliage measured at this point should 
Input Conditions (non-inverted) COUT _ be very close to the voltage applied to RAO. If you are very careful 
RA1(Giy) > RAOLC,.,,) 9) with the resistor adjustment and observe the LED very closely, you 
RAG.) < RAO} 1 should be able to detect the LED dim from full on to full off over a 
Vy short range of resistor adjustment. The measurable voltage range 
on RAI during this transition is probably beyond the resolution of most 
common voltmeters. This illustrates a characteristic of comparator 
devices; there is some level of uncertainty in determining the difference between the two 
input voltages when those voltages are very close together. 


Now take a look at the main part of the program code: 
main 
goto main 


This code is simply a loop and accoraplishes very little except keep the MCU busy. 
The point here is that the comparator is actually a separate resource that is operating 
simultaneously and separately from the MCU program code. In a later exercise, the 
program code will access the comparator and take some action based on the status of the 
comparator output, but for now we will be looking specifically at the comparator as a 
stand-alone resource. 

The next exercise takes a look at the comparator behavior when it is configured 
to have an inverted output. In the Initialization segment of the code, comment out the 
first movlw instruction and remove the comment on the second movlw opcode lines as 


illustrated below: 
> wmovlw b’aga0000l1* 
movlw b’ 00010001" 
;  movlw b? 00000010'° 
movwE CMCON 


This change simply SETS the CINV bit of 
the CMCON register to make the comparator Table 12-2 


output inverted. The comparator in this Truth Table for the Comparator 
configuration will follow this truth table: Inverted 
Input Conditions (inverted) COUT 
RAI (Cy) > RAQ(C,,,} 1 
RA1(C,,) < RAO(Gy,,) 0 
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Build the Modified Code 


Build the modified code and load it into the PIC16F676. Now when you adjust 
voltage on RA1, the output conditions that drive the LED will be inverted from the output 
of the previous exercise when the comparator was non-inverting. 

Tn the final part of this exercise, modify the code in the Initialization segment of the 
code as indicated below: 


: ov lw bb a0000001" 

: movlw b’ 90010001" 
movilw b’ 00000010" 
movwt CMCON 


Build the Changed Code 


This code change reconfigures the comparator as non-inverting but also changes the 
comparator mode so that the output COUT bit is no longer connected to the RA2 I/O 
pin. Build the changed code and load it into the PICI6F676. Now when you adjust the 
variable resistor, there will appear to be no response because the LED does not turn on. 
In reality, the comparator is stall functioning; however, in this configuration the 
comparator output is not available on the I/O pin and is only available through the COUT 
bit of the CMCON register. This will be demonstrated in the next exercise. 


Build Up Circuit 


Build up the circuit that is illustrated in Figure 12-3 and depicted in the picture in 
Figure 12-4. This circuit moves the LED from RA2 to RC3 and adds another LED to RC4. 
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Figure 12-4 
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Figure 12-3 
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moviw 
movilw 
movwt 


main 
btisec 
goto 
goto 


Load the program project Program Files/Ch 12/Comparator_2 into MPLAB [DE and 
open the .asm fle for study. 

Take a look at the Initialization segment of the code and take note of these lines of 
code: 


b* 00000010" 
b’* G0010010' 
CMCON 


This code should look familiar from the previous exercises. The first movlw opcode 
will load the bit pattern to configure the comparator as non-inverting with RAO and RAI 
connected to the comparator inputs and the comparator output is not connected to an 
I/O pin (not connected to RA2). In this configuration, the program needs to access the 
comparator output via the COUT bit of the CMCON register. 

Now scroll down and review the main part of the program: 


CMCON, COUT ;sense CMCON,COUT bit, if clear skip next 
flash RC3 ;if set do this goto 
fiash_RC4 


goto main 


flash_RC3 
bsf 
call 
bet 
call 
goto 


Build this program 


12-8 


; movlw 
movlw 
movwt 
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In the main program, the bt isc opcode senses the status of the COUT bit of 
CMCON and makes a decision branch. [f the bit is SET the next command is executed; 
if the bitis CLEAR the next instruction is skipped and the following opcode is executed. 
Those subsequent instructions that follow the brfsc opcode are goto instructions that 
cause a jump to the program sections identified by the assigned labels fLash_RC3 or 
flash_RC4. These labels are descriptive of what is being accomplished by the associated 
code. 


PORTC,3 

wait250mS 

PORTC, 3 

wait250mS 

main 

The flash_RC3 code first SETS the I/O pin PORTC, 3 to turn on the attached LED, 

calls a subroutine that will delay the program for 250 milliseconds, CLEARS the I/O pin 
to tun off the LED and then wait again for 250 ms. The flash_RC4 code does the same 
thing except the delay period between tuming the LED on and off is 50 ms. 


Build the program, load it into the PIC]16F676 and install the MCU into the circuit. 
When power is applied and you adjust the variable resistor through tts range, the LEDs 
will flash in turn depending on the output of the comparator. This exercise illustrates how 
a program can be developed to respond to the status of the comparator output which is 
dependent on the relative values of the input voltages. 


Now adjust the code in the Initialization section of the program to reconfigure the 
comparator as inverting: 


60600010’ 
b'00010010" 
CMCON 


Build and load this program 


Build and load the program into the MCU. Now when you adjust the variable 
resistor, the flashing LEDs will be opposite as in the previous exercise as you would 
expect with an inverting comparator. 

Up to this point, we have been using an external reference voltage connected to RAO 
(Ci). This reference voltage is developed across the voltage divider circuit comprised 
of two, series 470 © resistors that applied 2 V,, oo pin RAO. In this last exercise, you 
will use and explore an intemal! voltage reference that is developed by a resistance ladder 
module that is a resource within the PIC16F676. 


Internal Voltage Reference Developed by a Resistance Ladder Module 


The voltage reference module can output 32 distinct reference voltages that are 
accessed in two voltage ranges, high and low, as detailed previously in this chapter. 
The voltage reference module ts connected to RAO (C,,,) by selecting the appropriate 
comparator mode. The value of the reference voltage is selected by loading the 
appropriate bit pattern toto the VRCON special function register. You should go through 
the calculation of the reference voltages using the algorithms that are documented 
in the PIC] 6F676 reference manual as an academic exercise. You can compare your 
calculations to the results calculated and provided in Table 12-3. In Table 12-3 you will 
find the calculated voltage for the associated VR3:VRO bit pattern for both the high and 
low voltage ranges. There are also colurnns for the measured reference voltages. You will 
be performing your own measurements in the final exercise and you can compare your 
measured values to those in Table 12-3. 


Table 12-3 

CM3:CMO = 011 

Comparator with Output and Internal Reference 

VR3:VRO0 Low Range b’101 OHH? High Range b*1 OOD#H 

Dec. Binary Calculated Measured Calculated Measured 
0 0000 G 02 1.25 1.25 
1 0001 208 22 1.41 1.40 
2 0010 AV? 42 1.56 1.57 
3 0011 625 .63 1.72 1.73 
4 0100 833 83 1.875 1.88 
5 0101 1.04 7.03 2.03 2,02 
6 0110 1.25 1.24 2.1875 2.19 
7 0111 1.46 1.45 2.34 2.35 
8 1000 1.67 1.66 2.5 2.50 
9 1001 1.875 1.87 2.66 2.65 

10 1010 2.08 2.07 2.81 2.81 

11 1011 2.29 2.28 2.98 . 2.97 

12 1100 2.5 2.49 3.125 2.13 

13 1101 2.71 2.70 3.28 3.29 

14 1110 2.92 2.92 3.44 3.46 

15 1111 3.125 3.13 3.89 3.61 
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movlw 
movwet 


; movilw 
moviw 
movwE 
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Build the circuit as detailed 
in Figure 12-5 


Build the circuit as detailed 
in Figure 12-5. Load the program 
project Program Files/Ch 12 
Program/Comparater_3 into 
MPLAB [DE and open the .asm 
file for study. In this exercise, 
you will be contiguring the 
comparator so that the mternal 
reference voltage will be applied 
to the C,,, comparator input. 
Then you will change the value 
of the reference voltage by 
making code adjustments. With 
each change in the reference voltage, you will manipulate the other input voltage to 
the comparator to determine when the input voltage you control matches the reference 
voltage (by the status of the indicator LED) and make voltage measurements to verify the 
applied reference voltage. 


BS 
o 
— 
oO 
4 
o 
~I 
[23] 


Display the . asm file and focus on the Initialization section of the code. This 
code segment configures the comparator with the COUT bit connected to RA2, RA] 
connected to the comparator C,,. input, and connects the internal voltage reference to the 
comparator Cy, input: 


b‘g0000011" 
CMCON 


Control of the internal reference voltage is via fhe WRCON SFR. The following code 
loads the appropriate bit pattern into the w-register and then transfers that bit pattern mto 
the VRCON register: 


b‘10101111° ;Vref on, low range, #### value 
b’10001111' ;Vref on, high range, #### value 
VRCON 


SETTING the VREN bit powers-up the internal voltage reference resistance ladder. 
SETTING the VRR bit selects the low reference voltage range, CLEARING the VRR bit 
selects the high reference voltage range. The four lowest bits of VRCON determine the 
aciual reference voltage within the selected range as determined by the algorithms. The 
instruction movlw b’ 10001111" selects the high range and a reference voltage of 
3.59 V (for a V4, of SV). 

During this portion of the exercise, you will be tasked to start with the lowest 
reference voltage of the high range (b’ 0000"), build and load the program into the 
PIC16F676, adjust the variable resistor until the LED just comes on, measure the voltage 
on pin RAI, and record and compare that measured voltage to the reference voltage 
(change movlw b'1000####’ to the appropriate bil pattern). Then go on to the next 
reference voltage step in the high range Co’ 00017 3, and so on, to complete the 
16 voltages available within the high range. 


? 


Summary 


movilw 
moviw 


Once you complete that portion of the exercise, re-comment the code lines to change 
over to the low range of reference voltages and repeat the process for the low range: 


Bb LOLOFHHE’ 
610001111" 


At the completion of the exercise compare your measured reference voltages with 
those listed in Table 12-3. Your voltages should be similar. 

The use of the internal voltage reference has its positives and negatives. On the 
positive side, using the internal voltage reference frees up an I/O pin resource that can be 
used for other purposes. On the negative side, you have limited control over the reference 
voltage used and are limited to the 32 discrete values as determined by the internal 
resistance ladder. 


There is one comparator circuit available within the PIC16F676. This circuit operates 
simultaneously and independently of the program that is running in the MCU. The 
comparator can be configured in eight different modes with various configurations for the 
comparator inputs, outputs and reference voltages. The CMCON special function register 
configures the comparator, the VRCON register configures the internal resistance ladder 
to a high or low voltage range and also sets the reference voltage to one of 32 discrete 
values. The ANSEL register must aiso be addressed so that the I/O pins connected to the 
comparator Inputs are configured appropriately. 


Review Questions 


12.1 What comparator mode configures the comparator to consume the lowest power? 


12.2 Which comparator mode connects the C,, and Cy, comparator inputs to RAO and RAT and 
does not connect the COUT bit to RA2? Does the use of this mode create a conflict if your 
application does not even use the comparator circuit? 


12.3 What is the value of the internal reference voltage applied to comparator input C,,,+ in the 
mode dictated by CM2:CMO loaded, with b‘ 011’ and VREN loaded with b‘10001011'? 
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Interrupts 


Objective: To learn how to configure and use the interrupt capabilities of the PIC16F676 that 
allow the MCU to perform multiple tasks simultaneously. This chapter will introduce the concept 
of the interrupt and use the interrupt from the RA2/INT External Interrupt resource of the 
PIC16F676 to illustrate the concept. Using additional resource interrupts will be covered in 
subsequent chapters. 


Reading: PIC 16F630/676 Data Sheet, pages 5-7 and 65-68. 
Program: Program Files/Ch 13 Program/Interrupt 
Video: “Studying Interrupts” 


Operations of an Interrupt 


Interrupts are very powerful capabilities that are included in most common MCUs 
including the PIC16F676. As the name implies, an interrupt suspends the execution of 
the main program and a jump is executed to an interrupt service subroutine that takes 
some action in response to the interrupting condition and then returns control of the MCU 
back to the main program that picks up where it left off at the time of the interrupt. The 
interrupt can be triggered by external or internal MCU resources. 

The interrupt capable resources are monitored by the MCU for specific criteria to 
be met and when those criteria are met an interrupt signal is generated by the hardware 
within the MCU. Once an interrupt is generated: 

«The program that is being executed by the MCU is suspended. . 

e The next line that would have been executed had the interrupt not occurred is 
identified by the program counter (PC) and stored in a temporary memory locatton called 
the Stack. 

*The PC is replaced with memory location 0x04 that is reserved for interrupt service 
code and the program jumps to that location. 

«The program code beginning at 0x04 is generally a call to the i interrupt service 
subroutine where actions required by the interrupt conditions are accomplished. 

« When the interrupt has been serviced, the return instruction that ends the interrupt 
service subroutine “pops” the PC from the Stack and the execution of the main program 
resumes at the code location identified by the recovered program counter. 

*The MCU then continues to monitor for another interrupt to occur while it continues 
executing the main program. 


External and Internal Interrupt Capable Resources 
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The interrupt capable resources within the PIC16F676 can be divided into the two 
broad categories, those generated by external devices that are monitored by the MCU and 
intemal resources. The external devices might include switches or sensors (temperature, 
pressure, magnetic, light, etc.) that are connected to I/O port pins, ADCs, or the 
comparator, The internal resources that can generate interrupts include TMRO and TMR1 
timer resources and write operations to internal Electrically Erasable Programmable 
Read-Only Memory (EEPROM.) There are a number of special function registers 
involved in working with interrupts that are configured in the device initialization section 
of the program code and these SFRs are also monitored and manipulated during program 
execution to manage interrupts. During device setup, the special function registers include 
enable bit “flags” that are SET to enable or CLEARED to disable the specific interrupt 
resources. During program execution, the special function registers include interrupt 
occurred “flags” that are hardware SET when a specific interrupt has been generated by a 
resource and software CLEARED to enable additional interrupts. Additionally there are 
overall interrupt enable bits that are SET or CLEARED to globally control the interrupts 
during program execution. 


Seven Interrupt Resources 


There are seven interrupt resources with the PIC16FG676: 
1. External Interrupt RAZANT- an interrupt is generated when there is a state change 
on PORTA I/O pin RA2. 
2. TMRO Overflow fnterrupt- an interrupt is generated when there is an overflow in 
the TEMO register from Oxff to 0x00. 
3. PORTA Change Interrupis - an interrupt is generated when any of the PORTA 
enabled I/O pins change state. 
4, Comparator Interrupt - an interrupt is generated when the comparator output state 


changes. 


5. ADC Interrupt-an interrupt is generated when the ADC conversion is completed. 
6. TMRI Overflow Interrupt - an interrupt is generated when there is an overflow 
in the TMR] registers TMRIH and TMRIL increments and overflows from Oxffif to 


0x0000. 


7, EEPROM Data Write Interrupt - an interrupt is generated when a write to an 


EEPROM location is 


Control of Interrupt Resources 


completed. 


These resources are controlled by indtvidual flags or bits within three SFRs 
CINTCON, PIR], and PIE!) which can get a bit confusing. The RA2/INT, TMRO, 
and PORTA Change Interrupts can be considered basic interrupt resources managed 
through the INTCON register. The remaining interrupts can be grouped into a category 
of interrupts generated by peripheral resources of the PIC16F676 managed by the PIR1 
and PIE] registers. The peripheral interrupts are globally controlled as a group by the 
PEIE bit within the INTCON register. All interrupts are globally controlled by the GIE 
bit within the INTCON register. Therefore, to enable the peripheral interrupts, both the 
PEIE and GIE bits need to be SET. To enable just the basic interrupt resources, only the 
GIE bit needs to be SET. There will be more detail on the use of the interrupt control 
bits later so be patient and follow closely during the next discussion on configuring the 


controlling registers. 


INTCON Interrupt Control Register 


INTCON. The Interrupt Control Register is used to setup and control the different interrupt 


INTE RATE TOIF 
Global Interrupt Peripheral TMRO Overflow | RA2/INT Port Change TMRO Gverflow 
Enable bit Interrupt Interrupi Enable | External Interrupt | Interrupt Enable | Interrupt Flag 
Enabie bit bit Enable bit bit 


INTF 
RAZ/INT External 
Interrupt Fiag bit 


RAJF | 
Port Change 
Jaierrupi Flag bil 


resources of the device. SETTING the individual bits will enable the interrupt, CLEARING the 
individual bits will disable the interrupt. 


GIE. The Globai Interrupt Enable bit is like the master switch for all the different interrupts. 


SETTING this bit will enable all the interrupts to function, CLEARING this bit will disable all the 


infermupts. 


PELE. The Peripheral Interrupt Enable bit allows interrupts from the peripheral resources of the 
PIC16F676 including interrupts from the ADC, Comparator, Timer], and EEPROM Data Write. 
SETTING this bit will allow peripheral interrupts, CLEARING this bit will disable the mterrupts. 


TOIE. The TMRO Overflow Interrupt Enable bit allows an interrupt when the TMRO counter 
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overflows from 255 (Oxff) to 0 (0x00). SETTING this bit allows the TMRO interrupt, CLEARING 
this bit will disable the interrupt. 


INTE. The RA2/INT External Interrupt Enable bit allows an interrupt from a clocking signal 
applied to pin RA2. Whether the interrupt occurs on the rising or falling edge of this clocking 
signal is determined by the state of the INTEDG bit in the OPTION_REG. SETTING the INTE 
bit allows an interrupt from the signal on RA2, CLEARING; this bit disables the interrupt. 


RAJE. The Port Change Interrupt Enable bit allows an interrupt when there is a change of state 
on any of the authorized 1/O pins on PORTA. Whether an individual PORTA I/O pin is authorized 
to generate an interrupt when the pin state changes is determined by setting the appropriate pin in 
the Interrupt-On-Change PORTA Register (TOCA) that will be covered later. Consider the RATE 
bit as a switch that turns on or off all port change interrupts, while the individual pin change 
interrupts are tured on or off by the [OCA register bits. SETTING the RAIE bit will allow the 
PORTA change interrupts; CLEARING thts bit disables the interrupts. 


TOU. The TMRO Overfiow Interrupt Flag bit is used by the device to indicate if the interrupt was 
the result of a TMRO overflow. As you may have noticed, an interrupt code will be triggered by 
any of the different resources available on the MCU. It is up to you, the programmer, to determine 
through your software code which of the resources generates the interrupt. Flag bits allow you to 
make that determination. In this case, when a TMRO overflow interrupt occurs, the TOIF flag bit is 
SET. Early in the interrupt service routine (the subroutine program that you will write to deal with 
an interrupt), a check of the various flags is accomplished — in this case, the TOIF flag, and if it is 
SET, a TMRO interrupt occured and the program will take the desired action. You reset the TMRO 
interrupt by CLEARING the TOIF bit. If you fail to reset the TOIF bit, additional TMRO interrupts 
will occur immediately once the interrupt service routine has completed. 


INTE. The RA2/INT External interrupt Flag bit is used by the device to indicate if the interrupt 
was the result of a clocking signal on the RA? pin. As previously discussed, you will check the 
state of INTF in the interrupt service routine to determine if the interrupt occurred because of a 
clock signal on RA2. At completion of the interrupt service routine, the INTF pin must be 
CLEARED to prevent unintended interrupts. 


RAIF. The Port Change Interrupt Flag bit is used likewise by the device to indicate if the 
interrupt was the result of a change on authorized I/O pins of PORTA. At the completion of the 
interrupt service routine, the RAIF pin must be CLEARED to prevent unintended interrupts. 


Bank | PIE] Peripheral Interrupt Enable Register 
EEIE CMIE x | X TMRIE 
BE Write Complete | A/D Converter Unimplemented | Unimplemented Comparator Unimplemenied Unimplemented TMRIL 
{oterupl Enable bit | Interrupt Enable bit Interrupt Enable Overflow 
bit Interrupt 
Enable bit 
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PIE1. The Peripheral Interrupt Enable Register is used to allow interrupts from spectfic 
peripheral resources including the EEPROM write, ADC, Comparator, and Timer]. The INTCON, 
PEIE bit allows all authorized peripheral interrupts when SET, the PIE register bits allow 
interrupts from specific peripheral resources. 


EEIE. EF Write Complete Interrupt Enable bit allows an interrupt to occur when a write 
operation to the EEPROM has completed. This interrupt may be required in your programs 
because it takes time for a write operation [o EEPROM to complete. This interrupt capability 
allows the program to do other things instead of halting while the write operation is accomplished. 
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SETTING the EEIE bit allows an interrupt when the write to EEPROM operation is complete, 
CLEARING the bit disables the interrupt. This bit will not be used during exercises in this text. 


ADIE. The A/D Converter Interrupt Enable bit allows an interrupt to occur when an ADC 
conversion is completed. It takes a finite amount of time for the ADC within the PIC16F676 to 
complete a conversion. The amount of time is not fixed and is dependent on the supply voltage, 
device temperature and other factors. Therefore the interrupt, if enabled, allows the program to 
continue with other tasks while the ADC conversion process proceeds independently. Though the 
ADIE will not be used during the exercises in this text, the associated ADLE, A/D Converter 
Interrupt Flag bit will be polled to see if the conversion is completed, SETTING the ADIE bit will 
enable an interrupt when the ADC conversion is completed, CLEARING the bit will disable the 
interrupt. 


CMIE. Comparator Interrupt Enable bit allows an interrupt to occur when there is a difference 
between the two input voltages to the comparator circuit. The voltage differences between the 
input voltages are relative and the relationship that will generate an interrupt is set by the bits in 
the COMCON register that is covered later. SETTING the CMIE bit will enable an interrupt when 
a voltage difference is detected by the comparator, CLEARING the bit will disable the interrupt. 


TMRIIE. Timer 1 Overflow Interrupt Enable bit allows an interrupt to occur when the Timer 1 
counter registers overflow to Ox0000 (TMRO is an 8-bit timer, TMR1 is a 16-bit timer). SETTING 
the TMRIIE bit will enable an interrupt when a TMR1 overflow occurs, CLEARING the bit will 
disable the interrupt. , 


PIR] Peripheral Interrupt Register | 


HEIP ADIF xX x Xx TMRUEF 
EEPROM Write A/D Converter Unimplemented Unimplemented Comparator Unimplemented Unimplemented TMRI Overflow 
Operation interrupt | [nterrupt Flag bit Interrupt Interrupt Flag bit 


Flag bit 


Blag bit 


PIRI. The Peripheral Interrupt Register ] contains the interrupt flags for the EEPROM Write 
Operation, A/D Converter, Comparator, and Timer! Overflow peripheral resources. When these 
flags are SET by the microcontroller, the enabled resource has completed its assigned task and 
generates an interrupt. The mterrupt flags will be SET no matter if the interrupt for the spectfic 
resource has been enabled or not (by setting the appropriate bit in the PIE1, Peripheral Interrupt 
Enable register, and setting the GIE bit in the INTCON register), therefore these flags can be 
checked in your program before the output of the resource is queried for the outcome of its 
operation, For instance, instead of using interrupts, you could monitor the status of the ADC by 
checking the interrupt flag and wait for the conversion to complete before shifting the results of 
the conversion into a variable space for further computation or action by the program. You should 
use care to CLEAR the appropriate interrupt flag with software after you finished with the 
peripheral resource so that additional operations can be performed with that resource if desired, 
and particularly before enabling an interrupt with the resource. Failing to do so in the latter case 
will result in continuous interrupts being triggered by the resource. 


EEIP. EEPROM Write Operation Interrupt Flag will be SET when an EEPROM write has been 
completed. The flag will remain CLEAR until the operation is completed. You need to CLEAR 
this bit to enable ancther write operation or interrupt involving an EEPROM write operation. 


ADIF. A/D Converter Interrupt Flag will be SET when the ADC has completed the conversion of 
an analog voltage value to digital number. The flag will remain CLEAR until the operation is 
completed. You need to CLEAR this bit to enable another ADC conversion or to allow an interrupt 
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once the ADC conversion is completed. 


CMIF. Comparator Interrupt Flag will be SET when the assigned comparator conditton is 
reached. The flag will remain CLEAR until that assigned comparator condition is true. For 
instance, if you program the comparator to tigger when voltage on pin RAO is greater than the 
voltage applied to RAI, the CMIF flag will remain CLEARED until that condition is present, 
immediately upon that condition being present on the two pins, the CMIF flag will SET and an 
interrupt will be generated (if enabled}. You need to CLEAR this bit to enable the Comparator and 
to allow an interrupt generated by the Comparator. 


TMRIIF. Timer J Interrupt Flag will be SET when the timer 1 has overflowed the counter 
registers to 0x0000 (when running). The amount of time of this overflow condition depends on the 
starting count that you assign when the tmer is tumed on. The flag will remain CLEAR until! the 
overfiow condition has occurred. You need to CLEAR this bit before you enable and start the 
TMR 1 resource to get an accurate time delay from an interrupt generated by the TMR1 overflow. 


TOCAS 
Unimplemented j 


IOCA. The interrupt-On-Change PORTA Register contains the enable bits for the individual 
PORTA I/O pins to generate an interrupt when the state on the enabled pins change. SETTING the 
bit enables the interrupt, CLEARING the bit disables the interrupt. 


The EEPROM associated register will not be covered in this text. Readers are 
encouraged to explore using the EEPROM capabilities after they have become more 
familiar with the basic operation of MCUs. 


Exploring Basic Operation of Interrupts Using the RA2/INT 
Interrupt Resource 
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In this chapter, the basic operation of interrupts will be explored by using the RA2/INT 
interrupt resource. The operation of the timer interrupts will be explored in the next chapter. 


Build the circuit for this exercise as depicted in Figure 13-1 and as pictured in 


Figure 13-2. A momentary switch is connected to PORTA, 2 (RA2) and will serve as the 
source of an interrupt signal when pressed. The LCD will be used to display the number 


of times the switch is pressed (the number of interrupts generated). The LED will be 


flashed on and off by the main 
program as an indicator that 
the MCU is accomplishing 


some programmed task. 


Files/Ch 13 Program/ 
Interrupts folder into 


92949131d 


Interrupt.asm file. 


ARRLO53S Figure 13-1 


Chapier 13 


Load the project Interrupt 
located in the folder Program 


MPLAB IDE and display the 


Figure 13-2 


The PIC16F676 is configured with I/O pin 
PORTA, 2 as a digital input with weak pull-up 
attached, all other I/O pins are digital outputs. 
The interrupt control registers are configured in 
the Initialization section of the program code to 
enable the RA2/INT interrupt. With this interrupt 
enabled, the MCU will monitor the state on 
PORTA, 2 for a change in state. As configured 
with the weak pull-up attached, the static state of 
this I/O pin is SET, when the switch is pressed 
the state momentarily goes CLEAR. Therefore, 
the RAZ/INT is configured so that the interrupt is 
generated when the RA2/INT pin goes low. Scroll 
down to the Initialization section of the code and 


BANKSEL 
call 
moyvwt 


BANKSEL 
clrft 
clrf 
movlw 
movwt 
moviw 


movwet 


BANKSEL 
clrf 


mov lw 
movwt 
moviw 
movwt 
moylw 
movwt 
movlw 
movwt 
BANKSEL 


Bank1l 
Ox3FF 
OSCCAL 


BankOQ 
PORTA 
PORTC 
b’ OOO00111’ 
CMCON 
b’ 00010000" 


INTCON 


Bank 
OPTION REG 


br 00c00100" 
WPUA 
b'oogod 100" 
TRISA 

bt o0c0c00D" 
TRISC 

b’ oocoooco’ 
ANSEL 
Banko 


follow along as the register setup is discussed. 


; vetrieve factory calibration value 


rselect banko 
;clear port bus 


jcomparator disconnected 

rgqlobals off, peripherals off, RA2 external 
yinterrupt enabled, 

pinterrupt flags cleared 


; Bank 1 selected 
;enable weak pull-ups 


;weak pull-up on RA2 


;RA2 set as input, others output 
pprogram PORTA 

jall output 

pprogram PORTC 

jall digital I/o 


j;back to Bank 0 


There are two registers that are configured in the Initialization section of the code to 


setup the RA2/INT interrupt. The RA2/INT is one member of the basic interrupt group 
and there are no peripheral interrupts used in this exercise. Consequently, to enable the 
RA2/INT specifically, only the associated enable bit in the INTCON register, bit INTE, 
is SET. To ensure that the RA2/INT interrupt will not be generated until we want it to, 
all interrupts (including the RA2/INT interrupt) are globally disabled by CLEARING 
the GIE bit in the INTCON register. The bit pattern b/ 00010000’ CLEARS bit GIE 
and SETS bit INTE. (Later in the code, the GIE bit will be SET to globally enable the 
interrupt.) This bit pattern 1s loaded into the w-register and then transferred into the 


INTCON register: 
movlw b7 00010000" 
movwet INTCON 


Interrupts 13-7 


clrf 


moviw 
MovwL 


movlw 
movwt 


pst 


movlw 
xorwt 
call 
gota 


Table 13-1 

Truth Table Exclusive OR 
A B Output 

0 0 0 

i 0 1 

G 1 1 

a 1 6) 


Now that the interrupt is specifically enabled, the pin state change that will generate 

the interrupt is configured. This is accomplished by ensuring the OPTION_REG, 
INTEDG bit is CLEARED so that the interrupt is generated on the falling edge (high to 
low transition) on the PORTA, 2 pin. Ifthe INTEDG bit is SET, the interrupt would be 
generated on the rising edge (low to high transition) on the pin, The default configuration 
of the OPTION_REG is b' 00000000", which enables the weak pull-up resistors and 
sets the interrupt on the fall edge transition so the following code is actually redundant. 
It however is good practice to deliberately configure the OPTION_REG in the event 
that the initialization code is copied from one program to another where the default 
configuration of the register is not appropriate. The clrf OPTION_REG instruction 
CLEARS all bits within the OPTION_REG. 


OPTION REG 


To connect a weak pull-up resistor on PORTA, 2, the following bit pattern would be 
loaded into the WPUA register to enable the resistor: 


br 00000100" 
WPUA 


Finally, the PORTA, 2 pin is configured as an input pin by loading the following bit 
pattern into the TRISA register: ~ 


b7 00000100" 
TRISA 


Now scroll down to the main part of the program. 


INTCON, GIE 


b’ 000010007 
PORTC 
wait250mS 
main 


This program segment will flash the LED attached to PORTC, 3. Notice that the 
instruction before the main program label SETS the INTCON, GIE bit to globally enable 
interrupts. Then within the main program, the bit 3 is SET (this bit will refer to the 
PORTC, 3 I/O pin) and loaded into the w-register. The xorwf opcode exclusively 
ORs the bit pattern in the W-register with the bit pattern of PORTC and puts the 
result back into the PORTC register. Remember, an exclusive OR Boolean logic 
follows the truth table (Table 1). This is a simple way to toggle an I/O pin on and 
off. If PORTC, 3 was SET, it is CLEARED and vice versa. The call to the delay 
subroutine will cause a delay of 25Q mseconds before the process is repeated. 


Now scroll up to the beginning of the program where the reset and interrupt 
vectors are declared: 


; 


‘Reset Vector 


= fs oe age aft as fs fe feof af of afc as ofc a oe fe fs he aft of he oie ope At a oe af as ale ofc afc ots oh he feo of a af oo ofc a ae oe oe ots oe oe afc 2s ie fe oe 2 eK HE OE OK 
, 


13-8 Chapter 13 


ORG Ox006 jprocesser reset vector 
nop ;required by in circuit debugger 
goto Init ;go to beginning of program 

5 ROR Sf of est fst se oe eee fee oe eee fee ee oe ea fe oo coe ff oo oe fe fb oe 


sInterrupt Vector 


> 
ORG Ox004 
goto interrupt service 
return ;interrupt trap - returns without re-enabling 


Hardware Considerations 


A short discussion of hardware is warranted here. It is hard-wired in the PICL6F676 
that when the device is first powered-up or if a reset of the device is triggered, that the 
program counter jumps to memory location 0x000 to start the program. This is called 
the reset vector. This section of the code is where you tell the program to jump to the 
label that identifies where your actual program code begins, in this case the label Init 
is used (short for Initialize). It is also hard-wired in the PIC16F676 that if an interrupt is 
generated, the program counter jumps to memory location 0x004 to go to the interrupt 
service routine. This is called the interrupt vector. In this section of the code you tell 
the program to go to the label interrupt_service which identifies the beginning of the 
code that is run in the event of an interrupt. The memory locations 0x000 and 0x004 
are dedicated for the specific purpose of holding jump vectors to appropriate sections of 
code. 


Handling Interrupts 


The following will be a fairly lengthy and detailed discussion on handling interrupts. 
To begin this discussion we need to revisit the Stack. 


The Stack 


The Stack is a smal] amount of memory where the program counter is temporarily 
held during calls to subroutines. The Stack is 8-levels deep and 13-bits wide. This means 
that the Stack can hold up to eight 13-bit program counter addresses. When a call to 
a subroutine is executed, the program counter address for the next instruction to be 
executed upon the return from the subroutine is “pushed” onto the Stack. Upon the return, 
the last program counter is “popped” off the top of the Stack and the calling program 
resumes. The programmer must use care because of the limited size of the Stack. If more 
than 8 “pushes” of program counter addresses occur before addresses are “popped”, some 
information will be lost. Then if subsequent returns from subroutines are executed, the 
associated program counter information will not be there and your program will crash. 
This situation can occur when the programmer uses nested calls to subroutines, calls 
to subroutines within subroutines. This can be a particular problem because interrupts 
generate asynchronous calls to the interrupt service subroutine that might occur when the 
main program itself calls subroutines. 


Conflict Precautions 


There are also common working registers (he w-register and STATUS) that might 
be used by the main program and subroutines at the same time which can cause conflicts 
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and program crashes. Programmers must use care that the contents of the w-register and 
STATUS register are preserved and recovered when called subroutines could potentially 
change the values within the registers. 

With these precautions fresh in your mind, scroll down to the interrupt_service 
routine in the code: 


interrupt service 


bef INTCON ,, INTE 

movwt w_temp 

swap STATUS, w 

BANKSEL Banko 

movlw LCD_LINEO+.6 

call LCDOutput 

incf RA2 counter 

moviw RA2 counter 

mavwE l_byte 

call display DEC 

swapt status temp,w 

movwEt STATUS 

swapt w temp,f 

swapft w_temp,w 

bef INTCON, INTF 

bsf INTCON , INTE 

retfie 

When an interrupt is generated, the PIC16F676 is hard-wired to jump to address 
0x004, this is where you program a call to the interrupt_service subroutine. Upon this 
call, the PC is pushed onto the Stack for later recovery on the return from the subroutine. 
This jump to address 0x004 also CLEARS INTCON, GIE to prevent subsequent 
interrupts. Normally the first thing that you would do in the interrupt_service routine is 
to determine the source of the interrupt by checking the individual interrupt flags to see 
which is SET, and therefore the source of the interrupt. However, in this program, only 
the RA2Z/UNT interrupt is being used and it can be the only source of the interrupt. 
Even though the interrupts are globally disabled by CLEARING the GEE bit, 
interrupt attempts will continue to be generated by the enabled interrupt resources when 
the interrupt conditions are met. For instance, if an RA2/INT interrupt is generated 
by a low condition on PORTA, 2 and the interrupt_service subroutine is in progress, 
subsequent, rapid low conditions on PORTA, 2 will SET associated flags, even though 
actual jumps to address 0x004 will be prevented. To prevent these attempted interrupts 
from causing problems when the interrupts are globally enabled, the interrupts should 
be disabled early in the subroutine, this is accomplished by CLEARING the appropriate 
enable bit in INTCON register: 
bet INTCON , INTE 
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In this case, the RA2/INT interrupt is disabled. 

The program counter was automatically preserved on the Stack when the interrupt 
occurred, however, it is a good programming habit to preserve the contents of the 
w-register and STATUS register before those registers are changed within the interrupt_ 
service subroutine. The following lines of code save the contents of the W-register and 
STATUS register in temporary variables in memory: 


movwE w temp 


swapt STATUS ,w 
BANKSEL Banko 
movwEt status_temp 


The movwf, w_temp instruction stores the current contents of the w-register into 
w_temp. The swapf STATUS, w instruction is an elegant way to store the contents of the. 
STATUS register with a single command. The swapf opcode swaps the nibbles within the 
target register and stores the result in the w-register. (Later at the end of the subroutine, 
the nibbles will be re-swapped to return them to the original sequence before being 
returned to the STATUS register.) The alternative would be: 


thoviw STATUS 
movwl status temp 
Then to recover STATUS: 
moviw status temp 
movwe STATUS 


The BANKSEL Banko directive ensures that Bank 0 is the operative memory bank 
regardless of the bank selected at the time the interrupt occurred. Because the BANKSEL 
directive modifies the STATUS register, it is put at this location in the code (after the 
contents of STATUS is preserved). , 


Now that the contents of the w-register and STATUS register are preserved, the 
actions of the subroutine can be accomplished. 


movlw LCD LINEO+.6 
call LCDOut put 
ince RA2 counter 
moviw RA2 counter 
movwt l_byte 

call display DEC 


Here the LCD cursor is moved to the end of the line, a temporary variable RA2_counter 
is incremented by | and the new RA2_counter value is displayed on the LCD. The result 
is that each time the switch button is pressed, RA2_counter is incremented and displayed. 


After the LCD display is changed, the w_register and STATUS register contents 
are recovered: 


swapf status_temp,w 
movwt STATUS 

swapt w _temp,f 
swapt w_temp, w 


The nibble content of memory location status_temp are swapped by swapf and placed 
into the w-register (remember that the STATUS register nibbles were swapped before 
they were stored in status_temp, now they are re-swapped to return the nibble sequence to 
the origtmal state). The w-register contents are then stored back into the STATUS register. 
The next two swapf opcodes swap the memory nibbles into and out of the w-register to 
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recover the original W-register contents. This could have been accomplished by using 
movfw and movwf opcodes, however, the mevfw opcode will affect the Z bit of the 
STATUS register and could corrupt the just recovered STATUS register contents. The 
swapf does not affect the STATUS register. 

With the interrupt serviced and the w-register and S'TATUS register returned to the 
starting conditions, the interrupts need to be re-enabled before the program control is 
retumed to the main program: 


bet INTCON , INTF 
bsi INTCON, INTE 
retfie 


CLEARING the INTF flag resets the RA2/INT interrupt flag to allow a new 
interrupt. If this flag were not cleared by software, an interrupt condition would 

eran = immediately be present when the RA2/UNT interrupt is enabled regardless 

bak 1D apenas 7 ¥ of the state on PORTA, 2. SETTING the INTE bit then enables future RA2/ 

INT intermipts. There is one last step, that is to enable interrupts globally. That 

is accomplished by SETTING the INTCON, GIE bit (remember that bit was 

automatically CLEARED when the interrupt was generated). The ret fie opcode 

will cause the program counter to ‘pop’ off the Stack to jump back to the calling 

program and at the same time SET the INTCON, GIE bit. 


The Interrupt in More Detail 


Let’s use the debugging capabilities of the MPLAB simulator to further explore 
the interrupt in more detail. Follow along using the text and figures to set up 
the MPLAB simulator and step through the program as we monitor the program 
behavior and the state of the register bits while we inject an interrupt signal as if we 
bpm nem pressed the switch attached to PORTA, 2. 
Figure 13-3 Click on VIEW WATCH in the MPLAB IDE menu bar (Figure 13-3). This 

displays the Watch Window where we can display contents of selected registers 

ae and memory locations. For this interrupt exploration, we are interested in the 
i contents of the INTCON register. This register is an SFR, so click on the down 


| 
[ 
E 
i 
L 
4 


EADR ° 
penwaas t peees ewes arrow adjacent to ADD SFR, click on INTCON, and then click on the ADD SFR 
: ; button (Figure 13-4). A watch for the INTCON register will be added to the list of 
rssnacncaes watches. Note that the contents of the register can be displayed in various formats 
Lust vaee ar at once. We are interested in the individual enable and flag bits within INTCON, so 
iaqisea|  OUF main interest is the binary representation of the register contents (Figure 13-5). 


Next we will set up the features that will allow us to inject a simulated input 
that will generate an interrupt, in this case, cause the voltage on PORTA, 2 to 
momentarily drop from 5 V to 0 V as if we closed the attached switch. Click on 
Eee alors, DEBUGGER/STIMULUS/NEW WORKBOOK (Figure 13-6). This will display the 
Stimulus dialog box. Here we will enter the types of actions that are needed 
as stimuli and the pins associated with each stimulus. Click on the down arrow 
WEA under Pin/SFR (Figure 13-7). Highlight RA2 which refers to PORTA, 2 (Figure 
EY Tp Ace Syrbalf [_18 13-8). Similarly enter another stimulus in the second line. Click on the ACTION 
“Opdec= | Address | box on the first stimulus line and select Set High, and select Pulse Low for the 
second stimulus action (Figure 13-9). Just for clarification of these two suumuli, 
the simulator is not capable of simulating an enabled weak pull-up resistor, 
therefore the first stimulus will be “Fired” to SET the PORTA, 2 pin high to 
Poach? wetcn 2) Warct a] watch 4] manually simulate the weak pull-up resistor. The second stimulus when “Fired” will 


: momentarily pull the voltage on PORTA, 2 low to simulate the switch closure. 
Figure 13-4 


er rey 
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Figure 13-5 
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Figure 13-6 
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Break points 


Break points will now be inserted in the code to stop the program execution at 
strategic locations that will allow study. Double click on the line of code call interrupt_ 
service (Figure 13-10) and a B will be displayed in the left margin. Likewise set break 
points as illustrated within the main program and in the interrupt_service subroutine 
(Figure 13-11). 
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Build and Explore the 
Program 


The MPLAB simulator is now 
ready to explore the program. Build 
the program and click on the RUN 
button. The program will run up 
to and stop at the first break pomt. 
This illustrates the point that the 
hardware of the PIC16F676 is set to 
jump to memory location 0x00 on 
initial power-up and upon an MCU 
reset (Figure 13-12). This is a good 
opportunity to simulate the weak 
pull-up on PORTA, 2, click on the 
“FIRE” button in the Stimulus 


Gounch Tey f Reger aceon} 


dialog window. 

Press the f7 key on the keyboard to step through 
the program from the first break point until you reach 
the line in the Initialize section of the code where the 
INTCON register is configured. In this area of the 
code, the RA2/INT interrupt will be enabled by setting 
the associated bit (bit 4) as pointed to by the arrow in 
Figure 13-13. When you f7 step through the movwf 
INTCON instruction, notice that the RA2/INT Enable 
bit in INTCON is SET (Figure 13-14). The next line 
of code switches to memory bank I. Press the RUN 
button again on the menu bar to continue with normal 
program execution, the program will stop at the next 
break point. Notice here that the INTCON, GIE bit 
has been SET to globally enable the device interrupt 
resources, in this case the RA2/INT interrupt (Figure 
13-15). Continuing the program execution will cause 
the program to loop through the main program and 
simply flash the LED attached to PORTC, 3 on and off. 
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Simulate an Interrupt 


It is time now to simulate an interrupt. Click on the “FIRE” button in the Stimulus 
dialog window as illustrated in Figure 13-16. This simutfates the momentary closure of 
the switch attached to PORTA, 2. Click on the RUN button on the menu bar to continue 
program execution and notice that the program stops at the break point at 0x04, the jump 
to the interrupt_service subroutine. This illustrates the hard wiring of the PIC16F676 to 
jamp to 0x04 when an enabled interrupt occurs. Also notice that the INTCON, GIE bit 
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is automatically CLEARED by the hardware to prevent additional interrupts and that 
the INTF flag bit is SET to indicate that an interrupt from RA2/TNT has occurred 
(Figure 13-17). Accomplish an f7 step though the program and notice that the 
program jumps into the interrupt_service subroutine. The first line of the interrupt_ 
service routine CLEARS the INTCON, INTE bit to disable additional interrupts from 
RA2/INT (Figure 13-18). Continue to {7 step through the program and notice that 
after the interrupt has been serviced by the mnterrupt_service routine (in this case the 


_ = interrupt counter variable is incremented and displayed on the LCD) and before the 
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(so that the ofd interrupt event does not trigger a false interrupt) and the INTE bit is SET 
to re-enable RA2/INT interrupts (Figure 13-19). 

Finally, continue to do £7 program steps and the program returns to the main program 
at the point after where the interrupt occurred. Notice here that the ret fie opcode 
closed the interrupt_service subroutine and automatically SET the INTCON, GIE bit 
to globally re-enable interrupts (Figure 13-20). Try going through the process again to 
generate another interrupt to make sure you are comfortable with what happens during 
the interrupt process. 


Actually Run the Program 


Summary 


It is time now to actually run the program, Build and load the program into the 
PIC16F676. Install the device into the circuit you built on the proto-board. When you 
apply power, the LED should flash on and off indicating that the main program 1s 
running. The LCD will display the RA2 label and the count (probably 0000) of the 
number of interrupts that have been generated by pressing the switch. Now press the 
switch and you will see the result of generating an interrupt by momentarily setting the 
voltage on PORTA, 2 pin to 0 V, the counter will advance by one count for each switch 
closure and then return to the main program to continue flashing the LED. 


Interrupts provide a powerful resource that allows the MCU to accomplish multiple 
tasks at once. When an external device or internal MCU resource sensés a specified 
condition, an interrupt signal is generated that causes the main program to cease operation 
and a jump is made to an interrupt service subroutine that is designed to respond to the 
interrupting condition. Upon completing the interrupt service call, the main program 
resumes. The interrupt resources of the 16676 are primarily controlled by three special 
function registers, INTCON, PIRI, and PIE] which are configured in the Initialization 
section of the program code but can be manipulated in the run time area of code to 
manage interrupts. 


Review Questions 
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13.1 What would happen if an interrupt “flag” is not reset before the interrupt service 
subroutine returns control back to the main program? 


13.2 Describe the difference between globally enabling interrupts (SETTING the 
INTCON, GIE bit) and enabling a specific interrupt, for instance TMRO (SETTING 
the INTCON, TOIE bit). 


13.3 Does an interrupt have to be enabled for the associated interrupt flag to be SET by 
the interrupt condition? 


13.4 What is the depth (number of bytes) of the Stack? What precautions must be 
considered when working with the Stack? 


13.5 What precautions must be considered when using interrupts and other subroutine 
calls that deal with the w-register and the STATUS register? 


13.6 How can “break points” be used in program debugging? 


Timer 0 (TMRO) 
and Timer 1 (TMR1) 
Operation 


Objective: To learn how to configure and use the TMRO and TMR1 resources of the PICIGF676 
for timed event interrupts and accurate time delays. This chapter will build on the previous chapter 
that introduced the concept of the interrupt. Timer interrupts will be explored through 
programming examples. 


Reading: PIC/6F630/676 Data Sheet, pages 31 - 36. 
Program: Program Files/Ch 14 Program/TMRO Basic Operation 
Program Fijies/Ch 14 Program/TMRO 
Program Files/Ch 14 Program/TMR1 
Video Files: “TMRO_ 1” 
“TMRO 2” 


Additional, More Elegant Timer Rescurces 


14-2 


Previously you learned how to use delay subroutines to create delays of standardized 
length. These delay subroutines are commonly included in a library of subroutines that 
are used in different programs by cutting and pasting the code. Though functional, there 
are other more elegant timer resources available in most MCU devices including the 
PICLGF676 that can function as stand alone timers or counters that operate independently 
of other MCU activities, can be started and stopped as needed and can generate interrupts. 
The two timer resources in the PIC! 6F676 are identified by the mnemonics TMRO for 
Timer 0 and TMR1 for Timer J. . 

The two timers have similar operating characteristics. The timers can be set up to 
operate in either a counter mode or timer mode. In the counter mode, the dedicated timer 
registers will increment on state changes (either high to low or low to high transitions) 
on specific I/O pins. In the timer mode, the timer registers will increment on the internal 
MCU clock or an externally applied clock signal. The mam difference between the 
two timers is in the magnitude of the interval or number of counts that can be handled. 
TMRO can be considered a short duration timer; TMR1 can handle significantly longer 
durations. These timer durations are all relative. However, neither can handle the lengthy 
durations that are required by some applications, therefore TMRO or TMR1 cannot 
always easily replace the use of delay subroutines. 

The dedicated timer registers mentioned determine the number of counts or the 
fume interval that can be handled by the timers. TMRO has an 8-bit working register 
labeled TMRO. Alternatively TMR1 has two 8-bit working registers labeled TMRIL 
containing the low byte and TMR1H containing the high byte for an overall total 16-bit 
register size. The basic timer operation involves incrementing the associated register on 
either clock pulses or count pulses. When the associated register increments through 
Oxff for TMRO or through Oxffff for TMR] to roll over to 0x00, a turner overflow flag 
is Set and an interrupt is generated if enabled. The duration of the umer or the number 
of counts required to generate the overflow condition is controlled by the starting point 
that is programmed into the timer register before the timer is enabled and starts running. 
For instance if you are using TMRO and want to reduce the mer duration to half the 
maximum value, you would load 127 into the TMRO register before CLEARING the 
TMRO overflow flag. With these starting conditions, the TMRO register would increment 
on each clock cycle starting at 127 until the register reaches Oxff. The very next increment 
of the register will overflow the register to 0x00, would SET the TMRO overflow flag 
and an interrupt would be generated if enabled. Likewise, the duration of TMR1 can be 
controlled by the starting values loaded into the 16-bit register TMR1IL and TMRIA. 
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Using Pre-Scalers to Control the Duration of the Timers 


The duration of the timers can be further controlled by the use of pre-scalers. The 
pre-scaler circuits associated with the timers can be configured and inserted between the 
controlling clock or counter signal source and the timer input. The pre-scaler actually 
divides the clock rate by predefined factors or ratios which lengthens the duration of the 
timers. For instance, if the TMRQ pre-scaler is configured to divide the clock rate by 16 (a 
ratio of [:16), the pre-scaler will deliver a single clock pulse to TMRO for every 16 clock 
pulses it receives from the clock thereby lengthening the time duration of TMRO by a 
factor of 16. Alternatively in the counter mode, the TMRO could count up to 256 counts 
without the pre-scaler, with the pre-scaler configured for a ratio of 1:16, the TMRO could 
count up to 4096 counts. 


TMRO Setup. There are three special function registers that control TMRO. 

in the OPTION_REG, TOCS bit, TRO Clock Source Select, determines if the clocking source for 
the timer comes from the internal clock of the MCU or from an extemal clocking source connected 
to the PORTA, 2 (RA2). SETTING TOCS configures TMRO to use an external clock source 
(putting the resource in the counter mode), CLEARING TOCS contigures TMRO to increment on 
the internal clock. OPTION_REG, TOSE bit, TMRO Source Edge Select, configures the TMRO to 
increment on the high-to-low transition of the external clocking source if SET or to increment on 
the low-to-high transition of the external clocking source if CLEAR. OPTION_REG, PSA bit, the 
Pre-scaler Assignment, inserts the pre-scaler between the clocking source and TMRO Jf the bit is 
CLEAR or assigns the pre-scaler to the Watch Dog Timer (this resource is not covered in this text) 
if SET. Lastly, OPTION_REG, PS2:PS0 bits, the Pre-scaler Rate Select (PS2, PS1, and PSQ), are 
used to select from the available pre-scale ratios as detailed in the device documentation. For 
instance a bit pattern loaded into the Pre-scaler Rate Select bits of b°000’ would select a pre-scale 
ratio of 1:2 while a bit pattern of b’ 111° would select a pre-scale ratio of 1:256. 


The actual register TMRO is loaded with a value that determines the number of increments before 
the register overflow occurs which in tum SETS the TMRO interrupt flag and generates an 
interrupt. After each overflow condition, the TMRO register needs to be reset to ifs initial value if 
equal time intervals or counts are required. Failing to re-set the TMRO register will result in the 
full delay or count of 255 to be used. It is interesting to note that the TMRO interrupt flag is SET 
upon the overflow condition regardless of whether the interrupt is enabled or not. This allows the 
programmer to pole the status of the interrupt flag and take desired actions without having to 
generate an interrupt. Of course the interrupt flag needs to be CLEARED because once it is SET 
by the TMRO register overflow hardware, the flag can only be CLEARED by software and will 
remain SET after the first overflow regardless of subsequent overflow conditions. 


If the TMRO is to be used to generate an interrupt, the interrupt from the resource must be enabled 
by SETTING INTCON, TOIE as well as enabling global interrupts by SETTING INTCON, GIE. 
TMRO is considered a basic MCU resource and therefore is not controlled by the peripheral 
interrupt enable bit in INTCON. Make sure that the TMRO Intermnupt Flag (INTCON, TOEF) is 
CLEARED before enabling the TMRO interrupt or an automatic, unintended interrupt will 
immediately be generated. The OPTION_REG and INTCON setup for TMRQ can be 
accomplished in the Initialization section of the program code or in the main body of the code 
depending on the application. 


Bank 0 & 1 Interrupt Control Register - INTCON | 
TOIB INTE RAIF TOIF INTE RAIF | 
Global Interrupt Peripheral interrapt | TMROQ Overfiow | RA2INT External Port Change TMRO Overflow RAZANT Extemal Port Change 
Enable Enable Interrupt Enable Interrupt Enable Interrupt Enable Interrupt Flag. Interrupt Flag Interrupt 
Flag 
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Option Register - OPTION_REG 
| PSA 


Presealer 
Assigament bit 


TINTEDG | TOCS 


Interrupt Edge | TMRO Clock TMRO Source Edge 
Select bit Source Select bi Select bit 


PS1 PSO 


| Prescaler Rate Prescaler 
Select bit | Rate Select 
bit 


PORTA Pull-up 
Enable 


Prescaler Rate Select 
bit 


The following code snippets illustrate setting up the TMRO resource in the Initialization section of 


the code: 
BANKSEL Bankl 
moviw b’' 00000001" 
movwe OPTION REG 
movlw b’ 00000000" 
movwt TRISA 
movilw b’ 00000000’ 
movwt TRISC 
moviw b’ 00000000’ 
movwt ANSEL 
BANKSEL Banko 
bc£ INTCON, TOIF 
moviw b7101000007 
movwt INTCON 


The bit pattern b' 00000004" that is loaded into the OPTION_REG assigns the internal clock as 
the TMRO clock source TOCS, assigns the pre-scaler to TMRO, PSA, and sets the pre-scaler rate to 
1:4 (bits2:0 PS2:PS0) to configure TMRO. The TMRO register will begin incrementing as 
configured following the loading of the bit pattern into the OPTION_REG. You need to keep this 
mn mind because incrementing the TMRO register at this point may corrupt the first interrupt and 
produce unwanted consequences. Deliberately CLEARING the TMRO interrupt flag, INTCON, 
TOIF, prevents unintended interrupt consequences when the interrupt resource is finally enabled 
and is a good programming habit. The bef statement CLEARS the TOIF flag bit. Finally the bit 
pattern b’101000000' is loaded into the INTCON register from the w-register by the movwf 
statement to SET the GIE and TOIE bits to specifically enable the TMRO overflow interrupt and 
globally enable all enabled interrupts (in this case, only the TMRO interrupt is enabled). Because 
the TMIRO register begins incrementing immediately upon configuring the TMRO with the 
OPTION_REG, a better programming choice would be to enable the TMRO interrupt just prior to 
its need in the program. An alternative Initialization code might be: 


BANKSEL Banko 
movilw b' 00000000" 
movwt INTCON 

main 
;Main program lines of code 
movilw b*10100000° 
movwt INTCON 
mov lw b’ 00000000" 
movwt TMRO 


jthe rest of the main program 
geto main 


In the above code, the Initialization segment of the code 1s changed so that the bit pattern 
b‘ 00000000’ CLEARS the GIE and TOIE bits disabling interrupts and also CLEARS the TOIF 
interrupt flag. (Remember the TMR9 register is stil] incrementing after the OPTION_REG is 
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configured.) At the appropriate point in the main program, the TMRO interrupt is enabled with the 
bit pattern b'19100000' being loaded tnto the INTCON register to SET the TOE and GIE bits. 
The TMRO register is still being incremented during the execution of these lines of code, so to 
start the TMRO from the beginning, the appropriate starting point is loaded into the register, in this 
case b'00000000'. [This could have been more efficiently accomplished simply by using cirf 
TMRO, however the listed code is intended to emphasize the setting of the TMRO register to a 
starting point.] 


TMR1 Setup. TMR1 is a peripheral resource and therefore is controlled by a different set of 
SFRs. The main differences between TMRO and TMR 1] include: 


Table 14-1 


TMRG TMR1 


8-bits (TMRO Register) 

Max time: 65536 ws (@ 4MHz Clk) 
Prescale up to 1:256 

Basic resource 

Starts when OPTION_REG loaded 
External clock on PORTA, 2 
Set-up and operating registers: 


16-bits (TMR1L, TMR1H registers} 
Max time: 524280 US (@ 4MHz Clk) 
Prescale up to 1:8 

Peripheral resource 

Starts when TRION SET 

External clock on PORTA, 5 

Set-up and operating registers: 


INTCON, OPTION_REG, INTCON, TICON, PIR1, PIE1, 
TMRO 


TMRIL, TMR1H 


Timerl Control Register - TLCON 
TMRIGE | TICKPS1 | TICKPSO 


TIOSCEN 


Timer | Osetilator 
Enable Control bit 


TISYNC 
Timer 1 External 
Clock Input Sync 
Conwell bil 


TMRIiCS 
Timer 1 Clock 
Source Select bit 


TMRILON 
Timer | On bit 


Unimplemented | Timer! Gate 
Enable bit 


Timer | Input 
Clock Preseale 
Select bit 


Timer 1 Input Clock 
Prescale Select bit 


TICON., Timer J Control Register. This SFR configures the clock source for TMR] and turns on 
the tumer. The TICKPSO and TICKPS1 bits select the pre-scale ratio for the clock as detailed in 
the device documentation. The TMRICS bit configures the clock source for TMR1 to the internal 
clock when CLEAR or to an external clock source on pin PORTA, 5 if SET. There are three clock 
options available for TMR1, in the exercises in this text we will work only with the internal clock 
oscillator of the device therefore the TMR1GE, TLOSCEN, and TISYNC bits will be CLEARED. 
The TMRION bit when SET starts TMR1, when CLEAR, TMR] is off. The TMR1 registers will 
start incrementing after TMR1ON ts SET. 


Bank 0 Peripheral Interrupt Register 1 - PIR 

EEIF CMIF X 
EEPROM Write AID Converter Unimplemented | Unimplemented §=Comparator Unimplemented Unimplemented | TMRI1 Overflow 
Operation Interrupt Interrupt Flag Interrupt Enterrupt Flag bit 


Flag bit bil 


Flag bil 


PIR1. The Peripheral Interrupt Register 1, contains the TMR1 Overflow Interrupt Flag, TMRIIF. 
When the TMR| registers TMR1H and TMRIL overflow from Oxffff to Ox0000, the TMR LIF flag 
is set by hardware and must be CLEARED by software to allow further interrupts. If this flag is 
not CLEARED before the TMRL interrupt is enabled, an immediate and probably unintended 
TMR1 interrupt will occur. 
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EE Write Complete AID Converter Uninplemented Unimplemented | Comperator Unimpiemented Unimplemented TMR} 
Interrupt Enable bit | Interrupt Enabie Interrupt Enable bit Overflow 
bit | Interrupt 
Enable bit 


PIE1. The Peripheral interrupt Enable Register is used to enable the interrupts for the individual 
peripheral resources of the PICI6F676. When TMRIE is SET, the TMR1 Overflow Interrupt is 
enabled, but remember that two additional interrupt control bits also need to be SET to enable 
peripheral interrupts, the PETE and GIE bits in the INTCON register. 


The following code snippets illustrate setting up the TMRI resource in the 
Initialization section of the code: 


movilw b‘o0G00000" 

movwt INTCON 

movlw b‘00110060"' ;TMR1 pre-scale 1:8, internal clock, 
;TMR1 stopped 

movwt TiCON 

bef PIR1L,TMRLIIF ;Clear TMRi interrupt flag 

BANKSEL Bank1 ; BANKI 

movilw b’ 00000001" ;TMR1 interrupt enabled 

movwet PIE1 

BANKSEL Banko ;back to bankd 


The bit pattern b’00000000' when loaded into the INTCON register ensures that all interrupts 
are disabled until needed. This could have been more efficiently accomplished with the single 
instruction clr£ INTCON. The bit pattern b’ 00110000’ when loaded into the TICON register 
configures the TMR| pre-scaler to a 1:8 ratio and ensures that TMR1 is off. The bef PIRI, 
TMR IF CLEARS the TMR] interrupt flag to prevent an unintended TMR1 interrupt. The bit 
pattern b‘ 00000001’ when loaded into PIE! will enable the TMR1 interrupt. Alternatively this 
could have been more efficiently accomplished with bsf PIE], TMRIIE. There are other lines of 
code that configure resources that are required in the Initialization section of the code, but those 
lines are not listed above for clarity. All that is left to be done within the main program is to 
preload the TMRI registers TMR1H and TMRIL, turn on TMR1 and enable the interrupt: 


main 
moviw b’ ARAHESHEHS 
movwE TMR1H 
movlw b’ #HHRHEHH - 
movwE TMR1L 
noviw b’11000000' 
movwE INTCON 
bsi TicoON, TMR1ON 


;rest of the main program 


In the first four lines of code, the w-register is loaded with the bit pattern of the values that are in 
turn loaded into the TMRI registers. The TMR | registers will increment up from these values 
when the tumer is fumed on and an interrupt will be generated when the 16-bit value overflows to 
0x0000. The bit pattern b‘ 11000000" enables the individually enabled peripheral resource 
interrupts and globally enables all interrupts when this value is loaded into INTCON. Finally, bsf 
TICON, TMRION SETS TICON to tum on TMRI. 
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Basic Operation of TMRO 


Now let’s take a look at the operation of these timers. We will turn our attention 
first to TMRO. Load the project Program Files/Ch 14 Program/TMRO Basic 
Operation into MPLAB IDE. This project as stored on the resource CD-ROM will 
come up with simulator windows that will be used to monitor the contents of selected 
registers and the stop watch to monitor the times for interrupts. The project will also have 
breakpoints set that will be used to stop the program at specific lines during execution 
so that the contents of the selected registers can be viewed. This first program example 
is looking at the very basic operation of TMRO. To do this exploration, TMRO will be 
configured to generate an interrupt using various pre-scaler settings and TMRO register 
starting values. The main program enables the TMRO interrupt and enters a holding 
loop to await TMRO interrupt. The interrupt service subroutine CLEARS the interrupt 
condition, resets the TMRO register value, returns control back to the main program. 

Scroll into the Initialization section of the code in the TMRO Basic Operation.asm 
file to these lines of the code that will be used to configure TMRO: 


BANKSEL Bank1 ; BANKL 

mov lw b’‘ 00001000" jpre-scale assigned to WDT, 
;no pre-scale on TMRO 

movlw b‘ 00000000 ;TMRO set-up: pre-~scale TMRO, 
;pre-scale 1:2 

moviw b‘ 00000011" ;TMRO set-up: pre-scale TMRO, 
;pre-scale 
31:16 

moviw b’oc0ag0111" ;TMRO set-up: pre-scale TMRO, 
jpre-scale 
71:256 

movwE OPTION REG jput w-register into option register, 


;Ehis starts TMRO 


The commented lines will be used to change the pre-scaler assignment during the 
exercise. The first time through the exercise, the bit pattern 5’ 00001000" that is loaded 
into the OPTION_REG assigns the pre-scaler to the Watch Dog Timer with no pre-scaler 
assigned to TMRO. 


Continue to scroll down into the main section of the program: 


main program 


self 


interrupt 


movlw b’ o0000000" ;preload TMRO for a count that 
;will generate an interrupt of length 
movwt TMRO jdetermined by this value 
bef INTCON, TOIP ;clear TMRO interrupt flag 
bsf INTCON , TOTE ;enable TMRO 
bsf INTCON , GIE ;enable global interrupts 
goto self . ;keep the main program busy doing 


;something while waiting for an 


;from TRMO 


The bit pattern b’ 00000000" is loaded into the TMRO register to establish the 
starting point for that register. This value will be adjusted during the exercise to see how 
the starting point of the TMRO register affects the tume delay of the TMRO interrupt. In 
this case, the TMRO register will have to increment through the full 8-bits (255) before 
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an interrupt is generated. The bit manipulation of the INTCON bits CLEAR the TOIF 
interrupt flag, enables the TMRO interrupt by SETTING the TOIE bit and globally 
enables the TMRO interrupt by SETTING the GIE bit. 


Build and Run the Program 


Build and run the program. The program executes from the starting point at Ox00 
through the device Initialization section of the code, through the beginning of the main 
program that enables the TMRO internupt and halts at the first breakpoint which is 
located at the point where the interrupt_service subroutine is called (Figure 14-1). In 
other words, the first TMRO interrupt has occurred. Take note in the WATCH window 
that INTCON, TOIF (bit 3) is SET which indicates that the TMRO overflow interrupt 
has occurred. The hardware of the 16F676 is set so that when an intermupt is generated, 

the GIE bit of the 


eee | INTCON is automatically 
Saree RENO Ae oe | CLEARED to disable 
ae Ea OR: WEN CRNA : jas further interrupts. This is 
pees indicated by inspection 
of the INTCON register 
in the WATCH window. 
Also take note of the 
value in the TMRO 
register, in this case 2, 
This number reflects that 
the TMRO register has 
incremented 2 times since 
the TMR0O register was 
reset to the starting value, 


RRaS rE De E e  eMa ese we Ome a ee a |i Precevest Frequency i Mpls 


in this case reset to 0. 
The significance of this 


Figure 14-1 


number will be covered 

a bit later. The numbers 
tn the STOPWATCH window at this stage are of little interest because there has been 
program time required to run the overhead section of the code. Click on the ZERO button 
to clear these values. 


Step Through the Program 


Step through the program from the breakpoint by pressing the f7 key on the computer 
keyboard. 


Interrupt_Service Subroutine 
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The first step executes the goto jump into the interrupt_service subroutine 
(Figure 14-2). Note that two instruction cycles were required to make this jump but more 
importantly note that the TMRO register also incremented. by 2 (starting at 2 and ending 
at 4 at this point in the program execution), an equal number of changes as the instruction 
cycles. With no pre-scaler attached to TMRO, as is the case for this first exercise, the 
TMRO register increments in step with the number of instruction cycles. 

Continue to f7 step through the program to the nop statement (Figure 14-3). Note 
that the increment in the TMRO register matches the number of instruction cycles for 
these two steps. Also note that the bcf statements CLEARED the TOILE TMRO Interrupt 
Enable bit to disable further TMRO interrupts and also the TOIF flag bit to get ready for 
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a EES) the next interrupt. The 
2: | ES eS TOIF flag is SET by 


Pein paey 
wevly  bigecageda" 
merv£ THES 


ie a hardware when a TMRO 
bat pare epee Care overflow interrupt occurs 
» {Tipe [uSecs 
esas and must be CLEARED 


Processor Frequemey = [HHz) 


aelé 


in software just as 1s done 
in this example. Failure 
to do so will result in an 
immediate, untntended 


Neue Geoonanbelr TMRO interrupt when the 
ae interrupt is subsequently 
enabled. 
altace Click the RUN 


om maple ea 


AabSeR] S>COND” “S] “el Srl [1 ire button in the menu bar 
paste Adciiess | Syabo) Hara to continue the program 
of THRO ‘ 
om INTCOW execution to the next 


Figure 14-2 breakpoint which is at 
the end of the interrupt_ 
service subroutine 
(Figure 14-4), Take note 
that it took 8 instruction 
cycles to complete this 
portion of the interrupt_ 
service subroutine, the 


Stogesshy 
ayia] beeraction: Dycles ai 


Sept lime [users] “4.000000 


- |] | Pcssrroaaney titel i TMRO register has been 
a cleared to zero and the 
TOIE bit has been SBT 
° to enable the next TMRO 
interrupt. 
8 Let’s take a 
moment and discuss the 
_—— significance of where it 
[caste] rocowe =] AadSpediff vance is in the interrupt service 
Tesi: a oe ae eee subroutine that the 
AS pa panei Ox) Okie 


: TMRO register is reset to 
Figure 14-3 its initial value. Clearly 
it takes some finite 
amount of time and instruction cycles to accomplish the tasks to service the interrupt. In 
this most simple of examples, it took 8 us and 8 instruction cycles. If the programmer 
wants this amount of time to be included in the time interval between interrupts, then the 
TMRO register would need to be reset at the beginning of the routine so that it would be 
incremented while the subroutine is being executed. If the programmer wants the next 
interrupt to occur a specified time after the previous is serviced, then the TMRO register 
would be reset at the end of the subroutine as was done here. There may be critical timing 
issues when this difference could be significant. 

Continue with an 17 step to complete the interrupt_service subroutine (Fig- 
ure 14-5). There are a couple of things to note here. First, the ret fie command 
automatically SETS the INTCON, GIE bit to enable interrupts globally. Second, note 
that the instruction cycles have advanced by 2, but the TMRO register values remains 
0. In other words the register did not increment as would be expected. This illustrates a 
hardware nuisance that once the TMRO register is written, the register will not increment 
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during the next two 
instruction cycles. This 
might cause a problem 
for the most critical 
timing issues and the 
program can compensate 
by making appropriate 
adjustments to the 
starting values loaded 
into the TMRO register. 
The interrupt has 
now been serviced and 
the program is back 
into the main loop. As 
you continue to f7 step 
through the program you 
will see the instruction 
cycles and TMRO register 
to advance in step. You 
can continue to do this 
until the TMRO register 
approaches 255 then 
| slowly step though the 
Zee | t= We) [Tacs | program to observe that 
Process fepeency (MHz} tT indeed, when the TMRO 
register overflows from 
Oxff to 0x00, the next 
interrupt is generated. 

* 99400003" as Altematively, press 
yaaa csesgen on ar | the RUN button to 
continue normal program 
execution to the next 
breakpoint (Figure 14-6). 
Remember that the timer 
la was zeroed at the end of 
Figure 14-5 the previous interrupt, 

now take note of the time 
to complete the next interrupt, 268 us. The instruction cycle time interval with the device 
clock at 4MHz is | us, and in this configuration, the TMRO register increments in step 
with the instruction cycle. It should therefore take 256 instruction cycles to generate a 
TMRO overflow interrupt, or 256 ys. But there is a difference of 12 us from what would 
be expected. During our study of the TMRO interrupt, you noted that it took 8 instruction 
cycles to complete the interrupt service routine, 2 cycles to return program control to 
the main program, and 2 cycles after a write to the TMRO register before the register 
continues to be incremented, that is where the 1? js difference comes from. 


TMRO Register and Time Interval Between Interrupts 


Next, let’s take a look at how the starting value of the TMRO register affects the time 
interval between interrupts. Remember that the TMRO register increments in step with the 


14-10 Chapter 14 


WS C\fookl Ch 13 Prog 74RD EERO Beek: OperniioeeneT 
; = 


internal clock of the 

device and an interrupt is 
enti, generated when the TMRO 
“ae f tae fuse) [Hare register overflows to 0x00. 

ess | Inthe previous exercise, 

OUR PONS ABR), the TMRO register was 
loaded with 0x00 which 
caused the timer to delay 
the maximum amount 
between interrupts. To 
explore the TMRO register 
starting point, you need to 
change the starting value. 


Scroll to the main program 


and find the two locations 
in the code where the 


TMERO register is loaded. 
Change the value of the 
litera] that is loaded into the TMRO register to 


il yenerene en 


ed By this value 


128 orb’ 10000000° (Figure 14-7). Build and 
run the program, when the program stops at the 
first breakpoint (at the goto interrupt_service 
instruction), zero the STOPWATCH, and press 
RUN again. If there are remaining breakpoints 
from the previous exercise, press RUN until the 


g ateeshing valle program stops again at the. goto statement in 


the interrupt vector section of the code. Note 
that the time to complete the TMRO interrupt 
with the register loaded with 128 is 140 us, 
significantly less than the time required with the 
TMRO register beginning from 0x00 of 268 ps 
(Figure 14-8). The time ts not half, this is due 
to the instruction cycle overhead required to 
execute an interrupt. Do additional explorations 
using various values from 0 to 255 loaded into 
ihe TMRO resister and 
take note of the time 
differences. 


Pre-Scaler Effect on 
TMRO Interrupt Time 


Return the bit 
pattern that is loaded 
into the TMRO register 
tob' 0000000" for 
the next exercise that 
compares the effect that 
the pre-scaler has on the 


Figure 14-8 


TMRO interrupt time. 
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The pre-sealer assignment and the ratio of the 
pre-scaler is configured inAhe Initialization 
section of the code. Scroll] up to that section 
and find the commented lines of code that 
will be loaded into CPTION_REG in the 
following exercises (Figure 14-9}. Comment 
the first movlw comamand and remove the 
comment from the second movlw command 
as illustrated (comment lines are disregarded 
during the program build process, a semi- 
colon (;) indicates a comment line). The 
: cheek ca beak bit pattern b’ 09000000’ when loaded into 
pnngepoNe" rglcbele aivabied, THED dieabied, clear Tor OPTION_REG assigns the pre-scaler to 
L = TMRO and sets the ratio to 1:2 which means 
Figure 14-9 that the TMRO register will increment once 
for every 2 instruction cycles. As you did in 
the previous exercise, build, RUN, zero the STOPWATCH, and RUN and note the 


CE | amount of time required to generate a TMRO overflow interrupt with the pre-scaler 
meer: assigned with a ratio of |:2 (Figure 14-10). The time required is 524 ys versus 
Synch | inetuction Cycles | ()) 268 ws when there was no pre-scaler; this is approximately twice the time (the 


Zein | Tine (vers | em mf difference again is due to the interrupt code overhead.) Because the TMRO register 
ran TE abiantt 7 “7 increments only once for every two instruction cycles, it takes twice as long to 
a= -—--=~)  gverflow the TMRO register and generate an interrupt. You can verify the increment 


interval of the TMRO register by f7 stepping through the program and watching 


| 


Figure 14-10 the change in the TMRO register as displayed im the WATCH window and compare 
that interval with the coincident change in the instruction cycle count in the 
STOPWATCH window. , 


Change the Pre-Scaler Ratio 


Continue this exercise by changing the pre-scaler ratio to 1:16 and [:256 with 
adjustments to the commented lines in the Initialization section of the code. Run the 
exercise and take note of the change in the TMRO register increment interval and in the 
interrupt time. The following table reflects the data that you should expect. Note that the 
maximum time for a TMRO interrupt is 65.5 mseconds. 


Table 14.2 

TMRO 

Pre-scale TMARO increment interrupt Time 
None Each Instruction Cycle (IC) 268 Us 

1:2 (b’000°) every 2-IC 524 us 

1:16 (b’011’) every 16-/C 4108 us 
1:256 (b’111)) every 256-IC 65548 us 


There are a few important points to remember about controlling the TMRO resource. 
The time interval between TMRO Overflow Interrupts is determined in macro terms by 
the pre-scaler ratio and refined by the value loaded into the TMRO register. Also there 
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TMRO Resource Exploration Exercise 


are a few lines of code and associate instruction cycle overhead required to generate the 
intertupt, these variables complicate the calculation of the actual interrupt time interval. 
However, by using the MPLAB Simulator, you can determine the predicted interrupt time 
interval with good accuracy, the actual interrupt interval will depend on the accuracy 


of the device clock circuit. 


You will use the Program Files/Ch 14 Program/TMRO project for the next 
exploration exercise. Load the project into MPLAB IDE, construct the circuit that is 
depicted in Figure 14-11 and pictorially illustrated in Figure 14-12, in this circuit, an 
LED is tied to PORTC, 4 through a current limiting resistor and a speaker is connected 
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Figure 14-11 


Figure 14-12 
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to PORTC, 5. The 
program sets wp the TMRO 
resource to generate an 
interrupt every 500 us 
and toggle the PORTC, 
5 pin to generate a 
1000 Hz audio tone in 
the speaker. The main 
program will flash the 
LED at | s intervals. This 
program demonstrates the 
multitasking capabilities 
of an MCU by the use 
of interrupts. Build the 
program and load it 
imto the PIC] 6F676. Install the device into the 
circuit and apply power to verify the program is 
operating correctly. 

The TMRO interrupt is used to toggle the 
pin connected to the speaker to generate a square 
wave with a pertod of | millisecond. This square 
wave is formed by SETTING the pin for 500 us, 
then CLEARING the pin for 500 us, therefore we 
are looking for an interrupt of the main program 
at 500 1s intervals. From the previous exploration 
you found that a pre-scaler ratio of 1:4 and 
setting the TMRO register to 0x00 will generate 
interrupts at 524 [as intervals. All that you need 
to do is refine the starting value loaded into the 
TMRO register to reduce the interval to the desired 
500 ls. To help determine this starting value, a 
constant called TMRO_scale is defined in the 
program and an initial value (which tums out to be 


the correct value} of 14 is assigned to that constant label. Scroll up in the TMRO.asm file 
after the build to the Defines section of the code and you wil] see that constant definition: 


#define Bank? 
ftdefine Banki 
#define TMRO scale 


0x00 
0x80 
-14 
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;TMRO preload factor, this value gives 
;1000H2Z toggle 


14-13 


As in the previous exercise, a breakpoint has been set inside the Interrupt vector 
section of the code. Follow along in with your MPLAB Simulator as we test the value of 
14 as the starting point for the TMRO register. Press Run and the program will execute 
and stop at the breakpoint after the first interrupt is generated. Zero the STOPWATCH 
and press RUN again (Figure 14-13). Note that the time to generate the interrupt is 499 
us, that is about as close as you can get. Continue the exercise by changing the value 
of TMRO_scale and see how it affects the interrupt interval and how you can use this 
technique to refine the interrupt interval to meet the program demands. Also 7 step 
through the program to observe the program behavior, particularly in the main loop of 
the program and what happens when the interrupt is generated. The project as supplied 
on the CD that accompanies this text is set up with the TMRO register in the WATCH 
window so that you can monitor the incrementing of that register as you step through the 
program. Take note of the starting value which will equal the value that 1s assigned to the 
TMRO_scale constant. As the TMRO register approaches Oxff, slow down and observe the 
program behavior as the register overftows from 0x00 to 0x00. 


In the next exercise, we'll combine the use of TMRO and TMR1. The TMRO 
interrupt will be set up to send a [OOO0Hz tone to the speaker as in the previous exercise. 
The TMR| interrupt will use the ADC reading of the voltage on the wiper of the variable 
resistor that is connected to the ADC resource as the TMR1 register starting point which 
in tum will determine the TMR1 interrupt interval. The TMR | interrupt will turn on or 
off the TMRO interrupt with the result that the generated tone would toggle on and off at a 
period determined by the variable resistor. 


TMR1 Resource 
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Build the circuit as depicted in the picture in Figure 14-14 and illustrated in Fig- 
ure 14-15. Load the project Program Files/Ch 14 Program/TMR1 into MPLAB IDE. 
The project includes appropriate WATCH and STOPWATCH windows if you want to explore 
the program code in detail by using the W4PLAB Simulator. Take this opportunity to scroll 
through the TMR1.asm file to the Initialization section of the code and find those lines of 
code that configure the TMRO and TMR1 interrupt resources with the folowing: 


TMRO - TMRO disabled, TMROIF CLEAR, pre-scaler assigned to TMRO, pre-scale ratio 1:2 


movlw b’g0000000' :globals disabled, peripherals disabled, 

movwE£ INTCON ;TMRO disabled, TOILF cleared 

movlw poocadod’ ;TMRO set-up: pull-ups enabled, XK, internal clk, X, 
wovwt OPTION REG ;pre-scale tmr0d, pre-scale 1:2 


TMR1 -TMR] pre-scale ratio 1:8, TMR1 stopped, TMR] interrupt flag CLEAR, TMR| interrupt enabled 


movilw bp‘ 00110000" 
movwt T1LCON 

bet PIR1, TMR1IF 
movlw b’g0g00001' 
movwE PIE1 
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At the completion of 
the Initialization section 
of the code, the ADC 

Bend ie oagey send ‘ is configured and ready 

C=) ead es, : for use and the TMRO 
Bt Piiiasectieacrss Meet and TMR1 interrupt 
resources are ready with 
the appropriate values 
to be loaded into the 
associated incrementing 
registers, for TMR} to 
be turned on, and for the 
interrupts to be globally 
enabled, all done within 
the main program. 


gote intezrupt_s0e 


Scroll down to the main program. The first 
part of the program accomplishes the tasks 
described above and then enters a holding 
loop waiting for interrupts from TMRO and 
TMRI. 


1g ete et LO at call get_adc 


moviw h_byte 

movwt TMR1H 

moviw b'11100000' 
mMovwt INTCON 

moviw TMRO_scale 
movwie THRO 

bsf TLCON , TMHRION 


self goto self 


One subtle point needs to be explained in this 
code. The TMR | interrupt interval is determined by 
the overfiow of the 16-bits of TMR1H and TMRIL 
bytes that make up that register. In this program 
segment, only the upper byte of the register is 
adjusted with varying starting 
values because only this byte 
produces interrupt interval 
changes that are perceptible 
by the human ear, the 
lower bytes only contribute 
interval increments of a few 
mseconds. The source of the 
starting values for the TMR] 
16-bit register is the 10-bit 
ADC value as determined by 
the variable resistor setting. 
Only the upper 8-bits of the 
ADC value is used and loaded 
Fiqure 14-15 into TMR1H that sets the 
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TMR1 interrupt interval. The shifting of the ADC bits to eliminate the lower two bits 

is accomplished within the get_adc subroutine by having the ADC resource set to left 
justify the 10-bit value when it is placed into the ADRESH and ADRESL registers. The 
upper 8-bits of the 10-bit ADC value are loaded tnto the ADRESH register that is in turn 
is transferred into the TMR1H register. The contents of TMRIL is automatically set to 
0x00 when the overflow occurs. 


There are two interrupt sources, TMRO and TMR1, however, each interrupt requires 
different actions. Scroll into the interrupt_service subroutine to learn how this is handled. 


interrupt service 


Summary 


14-16 


Chapter 14 


btfss PIE1, TMRIIF 
goto tone 

call get_ade 
moviw h_byte 

movwt TMR1H 


The first step in the interrupt_service subroutine checks the TMR LIF interrupt flag. 
Since there are only two sources of interrupts allowed with this setup, the interrupt will 
either occur from TMRI or TMRO. The bt éss opcode checks the TMRIIF bit and if it 
is SET, the next instruction is skipped, if tt is CLEAR, the next instruction is executed, In 
this case, if the TMRIIF is SET (in other words the TMR1 is the source of the interrupt), 
the goto instruction is skipped. The code that services the TMR interrupt resets the 
TMR1 register using the ADC value. It determines if the tone is on or off and toggles to 
the opposite state, and prepares the TMR1 resource for another interrupt by CLEARING 
the interrupt flag with the following code: 


bcft PIR1, TMRLIF 
retfie 


Remember, the ret fie command automatically re-enables interrupts globally when the 
program counter jumps back to the main program. 

Load the program into the PIC16F676, install the device inte your circuit, power it 
up. and you should hear a continuous stream of tone dashes. If you vary the value of the 
resistor, the tone dash length changes in step. The tone is generated by TMRO interrupts, 
the tone dash lengths are generated by TMR1 interrupt intervals that are determined by 
the ADC value that is adjusted by the variable resistor. Remember, the value of interrupts 
is to allow the MCU to multitask. In this program, the actual main program is a simple 
infinite loop, the tones are generated by interrupts. The main loop could just as easily 
have been programmed to do other, more meaningful tasks. 


There are two intemal timer resources available within the PIC16F676 device, 
Timer 0 (TMROQ) and Timer 1 (TMR1). The timer resources can be configured as 
timers or as counters, this chapter focused on using the resources as timers. TMRO is 
an 8-bit timer. Using an optional and programmable pre-scaler, this timer can generate 
interrupts at intervals up to approximately 65 ms. TMR1 is a 16-bit timer. Using the 
optional and programmable pre-scaler, this timer can generate interrupts at intervals 
up to approximately 524 ms. Longer time interval delays are possible by nesting timer 
interrupts or by the use of delay subroutines. The interrupts generated by these trmer 
resources are stimulated by the overflow of associated timer registers that are incremented 


though the maximum (Oxff or Oxffff) back to 0x00. The time interval between interrupts 
is determined on the macro level by the configuration of the associated pre-scaler, and 

on the micro level by the starting value loaded into the associated timer register. There is 
some level of code and instruction cycle overhead associated with the use of the interrupts 
that contribute to the end interrupt time interval. This overhead is a function of the code 
technique used. The interrupt interval time can be predicted by the use of the A/PLAB 
simulator before the code is loaded into the device and run in circuit. The actual interrupt 
interval is ultimately dependent on the accuracy of the clock source for the device. The 
timer interrupt resources can be used simultaneously in a program, the actual source of an 
interrupt can be identified by checking the interrupt flags in the interrupt service routine 
and taking appropriate action. 


Review Questions 


14.1 At what rate (in instruction cycles) dees the TMRO register increment when there 
is no pre-scaler assigned to the resource, Alternatively, at what rate does the TMR1 
register increment when a pre-scaler ratio of 0:0 is assigned? 


14.2 What command begins the incrementing of the TMRO register? When does the 
TMRI register begin to increment? 5 


14.3 Do the timer resources operate even if their interrupt function ts not enabled? 
14.4 Can you monitor the progress of the timer resources between interrupts? If so, how? 


14.5 Why is it important to CLEAR the associated interrupt flag in the interrupt service 
subroutine before returning control back to the main program? 


14.6 In the programming exercises in this chapter, the interrupt service subroutines did 
not contain code designed to temporarily store the w-register and STATUS register 
contents while servicing the interrupt and then reload the pre-interrupt values into 
these regisiers when returning to the main program as was recommended in the 
chapter on interrupts. Why was this not a problem during the execution of the exercise 
programs? Amend the exercise code to take these precautions. 


14.7 You can very accurately determine the interrupt time interval due to program code 
execution. What factor other than code determines the actual interrupt time interval? 


How might you measure the actual interrupt time interval? 


14.8 Thinking in general terms of the resources available in the PIC16F676, how would 
you configure the resources to build a basic frequency counter? 
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Asynchronous 
Serial 
Communication 


Objective: To learn how to configure and use resources of the PIC16F676 for basic Asynchronous 
Serial Communications. This chapter will describe in detail the serial programming techniques 
used in the exercises and programs in previous chapters that used serial communication techniques 
to send and display data on the LCD display. 

Reading: Serial LCD(#27977} Data Sheet, pages 1-11. 

Program: Program Files/Ch 16 Program/Serial. 


Asynchronous Serial Communication 


Asynchronous serial communication 1s a common communication protocol to 
send and receive data between a MCU and an external device as a series of data 
bits. “Asynchronous” means that the data can be sent at any time without regard to 
synchronizing the individual clocking signals of the MCU and the external device. To 
accomplish the sending of data asynchronously there must be agreement between the 
devices as to the configuration of a “start” signal that identifies the start of the data stream, 
the number of bits that make up the data, the order the bits will be sent (LSB first or MSB 
first), the rate at which the data bits will be sent, and a “stop” signal that identifies the end 
of the data stream. This data package consists of a start bit, a number of data bits, and a 
stop bit. The advantage of this form of sending data is that only one line (or MCU pin) is 
needed to send the data. The disadvantage is that Gming is critical. From this point on, a 
reference to seria] communication will mean asynchronous serial communication. 


How Serial Communication Works 


In serial communication, the receiving device is connected to the MCU through a 
data line connection. The receiving device monitors the data line waiting for the start 
bit. Once the start bit is detected, the receiving device verifies the validity of the start bit 
by checking that it is the proper length (time interval). If the start bit 1s determined to be 
invalid, the receiving device continues to wait for another, and valid, start bit. If the start 
bit is valid, the receiving device will wait 2 bit period and monitor the data line for the 
first data bit. The data bit will either be high or low and the appropriate bit value of 1 or 
0 will be loaded into a data register. The receiving device will then wait | bit period and 
detect the next and subsequent bits. The first delay of % bit period puts the bit detection at 
the center of the bit interval, subsequent delays of | bit period keep the bit detection at the 
center of the subsequent bit intervals. After the correct number of data bits are received 
(usualty 8, or multiples of 8, or sometimes 7) the receiving device may look for a stop 
bit. The stop bit length is verified, and if it is the correct Jength, the data is considered 
valid and is accepted. Many times the protocol does not require a stop bit and the data is 
assumed to be correct, this is usually the case for hardwired data connections. There are 
also other more complicated protocols that include parity bits which are used as a simple 
check-sum to verify the accuracy of the received bits. In the exercise program in this 
chapter we will be using 
‘gayi 104 us the simplest form of serial 
| communications using only 
ed 7a the start bit, 8 data bits with 
om LODE ERE he LSB bt ent first 
Data Bits depicted in Figure 15-1. 
The oscilloscope view of a 
byte of transmitted data ts 
Figure 15-1 shown in Figure 15-2. 
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Serial Communication is Accomplished in Software in the PIC16F676 Device 


There are a number of MCU devices that include specialized resources, instructions, 
and registers for dealing with serial communications, for instance the PIC] 6F688. In these 
parts, special function registers are loaded with values for baud rates, number of bits, 
number of stop bits and parity bits (if used), and have receive and transmit registers where 
data ts stored. Once the SFRs are configured and loaded, the serial resources are enabled 
and the serial communication is accomplished in parallel with other MCU operations. The 
PIC16F676 device used in this text does not have these senal communications resources 
and therefore the serial communications will be accomplished in software. This allows 
you to fully explore serial communications to sec how it is accomplished in software and 
thereby better understand what ts involved if and when you elect to use the more capable 
MCUs that include dedicated serial communications resources. 


Baud Rates 


With the number of data bits defined, the baud rate (the length, in time, of the bit 
interval} needs to be defined. There are standard baud rates for serial communications 
as listed in Table 15-1. The time interval of an individual bit is calculated by taking the 
reciprocal of the baud rate. The bit intervals listed in Table 15-1 are rounded. 


Table 15-1 

Baud Bit length (—!. ) 
2400 A16ys le 
4800 208 [Is 
9600 104 us 

19200 52 us 
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Port Resource Used as Data Line 


The LCD unit recommended in the parts list that accompanies this text has switch 


selectable baud rates of 2400, 9600 and 19200 baud. The 19200 baud rate will stretch 


Byte-te-send 
movwt byte_to_send 


Reset bit counter 
moviw .8 
movw? bit_counter 


CLEAR data bit for 
start dil 
bcf PORTA,O 


Cail to br delay 
subroutine 
call bitdelay 


nextbit (loop) 


Assume data bit is 
CLEAR 
bef PORTA,O 


Rotate LSB right into 
carry bit 
if byte_to_send,f 


C CLEAR or SET? 
btfsc STATUS,C 


SET data bit 
bsf PORTA,G 


Call to bit delay 
subroutine 
call bitdelay 


Decrement bit_counter, 
is it zero? 
Decfsz bitcounter,f 


Retum data [ine high 
bsf PORTA, 0 
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the limits of the PICI16F676, therefore the 9600 baud rate will be used 
in the exercises. To accomplish serial communications in software, 

the port resource to be used as the data line is configured as a digital 
output pin, delay subroutines that are the length of a bit for the desired 
baud rate are authored, the data bits are shifted out of the data byte 
variable in the required direction (in this case LSB first) and checked 
for either a high or low state and the data pin is SET or CLEARED for 
the bit period. Review the code block diagram in Figure 15-3 before 
we go over the code segment for sending serial data. 


Program Exercise 


Open MPLAB IDE and load the project Program Files/Ch 15 
Program/Serial. This project as stored on the CD-ROM includes a 
WATCH window with the w-register, the STOPWATCH window, and 
break points assigned at specific locations in the code. These windows 
and break points will be used as we explore the serial communications 
routine with the MPLAB Simulator. The program in this exercise 
simply sends the word “Hello” by 9600 baud, LSB first, serial 
communications to the LCD for display. Scroll down into the main 
part of the program and take note of these lines of code: 


jmain program 


moviw LCD _LINEO 
call LCDOutput 
moviw ‘HY 
call LCDOutput 
moviw ‘e" 
call LCDOutput 


The characters or LCD display command codes are loaded into 
the W-register and the subroutine LCDOutput is called. The real work 
of sending the serial data stream is accomplished in the subroutine. 
The first movlw command loads the value 0x80h which is the 
command value recognized by the LCD hardware to move the cursor 
to the first line of the display, far left column. The LCD command 
constants are defined in the program and assigned descriptive labels. 
These LCD command constants are listed in the LCD documentation. 
The LCDOutput subroutine then takes the value that was passed to 
it in the W-register and sends it to the LCD via a serial stream. On 
return to the main program, the next character “H” ts loaded into the 
w-register and it is sent to the LCD and so on. 

Scroll down and display the LCDOutput subroutine. Let’s focus at 
the beginning of the code in the subroutine: 


LCDOutput 
movwe byte to send 
movlw 8 
movwE& bitcounter 
bef PORTA, 5 
call bitdelay 


W-Register 


nextbit 


bef 
rrf 
btfsc 
bsf 
call 
decisz 
goto 
bef 
call 
return 


The w-register contains the value that we want to send to the LCD. It was loaded 
before the call to LCDOutput. The w-register is manipulated and used in virtually ail 
parts of the program so it is important to keep in mind that the contents of the w-register 
will probably be changed often, consequently, the value contained in the w-register is first 
moved into a working variable location, in this case byte_fo_send. To keep track of the 
number of bits as they are being sent to the LCD via the serial stream, a variable called 
“bitcounter’ is loaded with the number of bits to be sent, in this case 8. As depicted in the 
oscilloscope illustration of the serial stream in Figure 15-1, the resting state for the serial 
data line is high (traditionally called the Mark, the low state is called the Space). Earlier 
in the code, the data pin PORTA, 5 was SET to establish the Mark state. The bc£f PORTA, 
5 instruction brings the data pin low to start the start bit. Finally the call to bitdelay 
which will generate a delay of approximately 100 us, the delay required for 9600 baud. 
The next section of the LCDOnutput subroutine code will send the 8 data bits. Turn your 
attention now to the remainder of the subroutine code and the internal loop: 


PORTA, 5 
byte_to_send,f 
STATUS ,€ 
PORTA, 5 
bitdelay 
bitcounter,f£ 
nextbit 

PORTA, 5 
Gelay5mS 


The loop begins by assuming that the next bit to be sent in the serial stream is 
CLEAR. This assumption is arbitrary. It could just as easily have been assumed to be SET 
(with requisite code changes). In the serial protecol used by the LCD, the least significant 
bit is sent first. The rxf instruction rotates the LSB of the target register into aud through 
the carry bit which is STATUS, C and stores the result 
back into the target register as illustrated in Figure 15-4. 

The btf£sc STATUS, C instruction checks the state 


8{7]6]5]4) 3/2] 4) of the carry bit and if itis CLEAR, the next instruction js 
skipped leaving the data line pin CLEAR. If the carry bit 
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Figure 15-4 


is SET, the next instruction is executed making the data 
line pin SET. The data line state now matches the state of 
the data bit to be sent. The call to the bitdelay subroutine 
maintains that state for the desired bit length. The decfsz 
command decrements the value stored in the variable bitcounter (the first time through 
the value goes from § to 7, and so on} and the decremented value 1s stored back into the 
variable. If the decremented value is not zero, meaning there are more bits to be sent, the 
next bit is sent. If all 8 bits have been sent, the goto statement is skipped over. The data 
line pin is returned to the resting state, SET, by bsf PORTA, 5 and a call to a short delay 
subroutine to allow the LCD hardware to respond to the new data recetved completes the 
serial transmission of the value passed to the LCDOutput subroutine. 


Build the Program 


Let’s see how this all works in the software. Build the program and press RUN. The 
program will stop at the first breakpoint in the LCDOutput subroutine and zero the 
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Stopwatch (Figure 15-5). 
Run the program to the 
next breakpoint and note 
the time required to 
complete the call to the 
bitdelay subroutine 
(Figure 15-6). This 
portion of the code sends 
the start bit, which for a 
baud rate of 9600 baud, 
the bit length should be 
104 us, the delay of this 
routine 1s 100 ps. 

This difference is a 
tradeoff as you will see in 
a minute and produces 
acceptable timing for this 
application. Zero the 
Stopwatch again and run 


5 sie 
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Figure 15-7 


the program again — this 
will take you through the 
sending of the first data 
bit in the stream (Figure 
15-7). Note that the time 
required to send the data 
bit is 107 us, or 3 us 
longer than required for 
9600 baud. This is due to 
the code overhead 
required to access the bit 
to be sent, determine its 
state, set the data pin state 
to match, check the bit 
count, and return for the 
next bit to be sent. Consequently, the data bits will not be exactly Gme centered at the 
receiving end, but the firming is well within tolerances for this application, particularly 
when sending only 8 bits. Sending more bits, or at a higher baud rate (shorter bit ttme 
interval), the time delay created by the code overhead might be significant and require a 
different program architecture to keep within timing tolerances. Continue to mun the 
program through the next and subsequent bits and the time required remains static. Load 
the program into the PIC16F676. 


Putting It Together 
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Connect the LCD to the PIC] 6F676 as depicted in the circuit in Figure 15-8. The 
LCD data line is connected to PORTA pin 5. Insert the device in circuit and power it up. 
You will see “Hello” displayed. Before we leave serial communications, let’s take a closer 
Jook at those values that are sent to the LCD to display characters. 

Remove the two breakpoints in the LCDOutput subroutine and scroil up to the 
main pact of the program. Set a new breakpoint as illustrated in Figure 15-9 and run 
the program to this new breakpoint. Look down at the WATCH window and note the 


contents of the w-register in 
the various oumerical forms. 
The code loaded the letter 
“H” into the w-register. The 
numerical value actually 
joaded is the ACSI value 
that represents the letter “A,” 
in this case 72 decimal. The 
ASCH cede is a standardized 
code of numerical values 
that are used to display alpha 
numeric characters or to 
control video displays. If you 
set additional breakpoints 

to skip over the calls to the LCDOutput 


a 
oO 
ae 
for) 
nT 
a 
~ 
a 
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subroutines and view the w-register 
contents for each letter, you will see the 
| ASCII value for “e” is 101, for “I” is 108, 


ie 3? 


e 
and “oe” is 111. 

Next remove any breakpoints that you 
inserted. Remove the comments from the 
two lines of code that will load the value 1 
into the w-register and send that value for 
display, and set a breakpoint on the call to 
the LCDOutput subroutine as illustrated 
in Figure 15-10. Build the program, load 
it into the PIC16F676, install the device 


= into your circuit, and power it up. You 
=—===| would expect tosee “Hello!” displayed, 
epee Ss | but in reality you see “Hello~”. Retum 


Figure 15-9 


sends tess 


Figure 15-10 


to the code in MPLAB IDE and run the 
code to the breakpoint (Figure 15-11). 
Note that the W-register contains the 
decimal value of 1 as commanded, but 
notice that the character representation of the number 1 is 
“” not the character “1”. What the program sent to the LCD 
was the numerical value 1 which is the ASCII code for the 
Start of Heading command. The LCD hardware apparently 
cannot decode that ASCTI command and in turn displayed the 
character “~” instead. You will need to keep in mind when 
working with display devices that you need to send the ASCII 
code representation of numbers, not the numbers themselves. 
To determine the ASCII code representation of the numbers 0 
through 9, simply add 48 to the number value to come up with 
the ASCII code for that number. So the number | is actually the 
value 49 in ASCH code. 

Go back to the code in MPLAS IDE and remove the final 
comment as illustrated in Figure 15-12, build the program 


and run the program to the breakpoint as before. The opcode addiw adds the literal 48 
to the contents of the wW-register (1} and places the result back into the w-register. This 
instruction converted the number | into the ASCH code representation for “1” and this 
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is the value that is sent to the LCD for 
display. Load this modified program 

into the PIC16F676, install the device in 
circuil, and power it up. Now you will see 
“Hellol” displayed. 


Data Format Is Important 


1 am emphasizing the point about 
ASCII code for a good reason. Frequently 


data is passed back and forth between 


devices in ASCH code and not the actual 


numerical values. It is tmportant to keep 


track of the format that is being used if 
you are going to do any mathematical 
manipulation of the data. For instance, if 
the devices are using ASCTI code to pass 


numbers, then before any mathematic 
operations can be done on those numbers, 
the data must first be converted into the 
numbers that the ASCII values represent 
by subtracting 48 from the ASCII value. 
Then when the mathematics is completed, 
the results must be converted back into 
ASCII by adding 48 to the number before 
the results are sent back to the device. 


Pluses and Minuses of 


Figure 15-12 
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Using Delay Subroutines 


One final note needs to be addressed. 
The delay subroutine that is used to 

generate the bit length in the exercise generated a delay of [00 us instead of 104 us. This 
delay interval was a compromise so that one delay subroutine could be used to generate 
an “acceptable” data stream that is recognized by the receiving device, in this case the 
LCD. The start bit was deliberately shortened to compensate for the lengthened data bits 
that follow (due to the code overhead to detect the state of the individual bits being sent). 
The final compromise was determined by trial and error. At increased baud rates (shorter 
bit intervals) the amount of room for compromise would be reduced and more accurate 
bit lengths required. The delay subroutine was used here specifically for learning about 
senal communications buf more accurate bit lengths can be generated by using the TMRO 
or TMR 1 interrupt resources. If properly configured and programmed, the overhead code 
needed for bit manipulation could be accomplished simultaneously while the appropriate 
starting value is assigned to the timer resource register that is incremented to create the 
desired bit interval. Additionally, the main program could be accomplishing other tasks 
while also using the interrupts to manage the serial communications. The code required 
for the interrupt-based program architecture, however, is not as transparent as the code 
used in the exercise here. Additionally, if the timing requirements are that critical, the 
developer might consider using those MCU devices that have serial hardware resources to 
save development lime. 


Summary 


Asynchronous serial communications involve sending data between devices 
using a single data line. The advantages of using a serial communications protocol 
is that only one pin resource is required and the data can be sent as needed without 
regard for synchronization. The disadvantage is that timing ts critical and that specific 
data packaging criteria must be followed so that the data is received correctly. Those 
criteria include the sequence that the data bits will be sent (MSB or LSB first), the 
number of bits, the bit length (baud rate), if a stop bit is used and its duration, and if an 
additional check sum bit (parity) will be used. This chapter focused on a common serial 
communications protocol of a start bit, § data bits sent LSB first, no stop or parity bits, 
and a baud rate of 9600 baud. Some MCU devices have dedicated hardware for handling 
serial communications in parallel with other MCU operations. Other devices, such as the 
PICI6F676 which is used for this text, require that serial communications be handled in 
software and those techniques were detailed in this chapter. 


Review Questions 


15.1 In looking at the bitdelay subroutine in the example code, what value would be 
loaded into the count variable to produce a delay appropriate for 2400 baud serial 
communications? 


15.2 What code adjustments are required if the data stream was increased from 8-bits to 
16-bits? What else must be considered if there is a significant increase in the number 
of data bits that are transmitted at one time (hint: think about the bit time interval 
produced by the delay routines and the code overhead contribution to the delay)? 


15.3 The MPLAB Simulator can be used to predict the length of a delay produced 
by code, what other factor also contributes to these timing delays? How can you 
determine the actual timing of a serial data stream? 


15.4 What is(are) the ASCII code(s) required to send the number 127 to the LCD? 


45.5 What is the code that you would send to the LCD to clear the display and move the 
cursor to the upper left corner? 


13.6 What adjustment to the exercise code would be required if the LCD used data sent 
with the MSB sent first? 


15.7 In the previous chapter on Interrupts, the temporary storage of the contents of the 
w-register and the STATUS registers was emphasized. Why would that strategy be 
important if the timer interrupt resources are used to generate the bit interval delays? 


15.8 In the program exercise, the individual bit being sent was rotated through the carry 


bit that ts included in the STATUS register. What code alternative might be used to 
determine the state of the bit to be transmitted? 
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Serial Peripheral 
Interface 
Communications 


Objective: To learn how to configure and use the resources of the PIC16F676 for basic Serial 
Peripheral Interface Bus communications. This chapter will describe in detail the serial 
programming techniques used in the SPI™ communications protocol to communicate with and 
control external SPI based devices. The programming exercise will use the MCP41016 Digital 
Potentiometer to practically illustrate SPI communications, 


Reading: MCP41XXX/42XXX Single/Duai Digital Potentiometer with SPI™ interface Data Sheet, 
pages 1, 6, 12-14 and 17-19. 
Program: Program Files/Ch 1a6 Program/SPI 


Alternative Serial Communication Protocol 


This chapter covers an alternative serial communication protocol that allows for 
duplex communications between a master and one or more slave devices. Though the 
Motorola named Serial Peripheral interface Bus (SPI) communications scheme may 
not be an official industry standard, it is widely used. The SPI protocol requires up to 
four signal lines between devices to make the communication connection versus the one 
line required for asynchronous serial communications. These signal lines include a chip 
(or device) select, a transmitting data line, a receiving data line, and a clock line. The 
collection of the four signal lines make up the communication bus specified by SPI. 


The MCP41010 Digital Potentiometer 


The CS Line 


The Clock 
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The exercises in this chapter will use the MCP41010 Digital Potentiometer which uses 
basic SPI communications for MCU control of the device. The digital potentiometer has an 
internal wiper with 256 possible positions that taps a LOK © resistor ladder. The position of 
the wiper is dictated by the data byte that is shifted into the controlling register of the device, 
and thereby setting the reststance at the wiper output pin between 0 and LOK Q (in 256 
steps). The resistance increment is approximately 40 (but there is also some resistance 
in the wiper connection iiself, specified at 52 (2). The device documentation detaus not 
only the hardware specifications of the potentiometer but also details the hardware for 
communication with the device. There are three required signal lines for controlling the 
device; a chip select line, CS, a serial clock line, SCK and a serial data input line, ST. These 
three lines will be connected to PORT I/O pin resources on the PIC 16F676. (Because the 
communications with this particular device is one-way only, the fourth signal line specified 
by SPI is not needed.) When selecting an SPE based peripheral device to be controlled by an 
MCU, you must consider the signal line specifications of the device hardware. 


The CS line is used to signal the external device that the clock and associated data on 
the SI line are intended for the device. This allows single clock and data lines to be shared 
with multiple devices (as long as those device pins are in tri-state when the device is not 
selected, otherwise a digital high or low state would conflict with signals sent to parallel 
devices). The documentation must be reviewed to determine if the device is selected 
when the CS line 1s high or Jow — both arrangements are used by SPI based devices. In 
the case of the MCP41610 device, it is selected when the CS line is low — the associated 
clock and data lines go to tri-state when the CS line is high. 


Next, you need to consider at what point during the clock cycle (either on the rising 
or falling edge) that the data bit presented on the SJ line is clocked into the data register 


Sequence of Bits 


of the device. The resting state of the clock, either high or low, also may be a factor. In 
some devices, the data may be clocked-in on the rising edge of the clock, and clocked-out 
on the falling edge, or vice versa. This arrangement allows for daisy-chaining devices. 
For the MCP41010 device, the data is clocked-in on the rising edge of the clock signal. 
The resting state of the clock signal can be either high or low, but this must be considered 
in software to make sure that the first bit of data is on the data line when the first rising 
edge of the clock occurs. In the sister device of the MCP41010, the dual potentiometer 
MCP42010, the hardware alternatively allows for daisy-chaining devices and the data is 
presented on the device data output line on the falling edge of the clock signal (so that the 
data will be properly clocked in a second device by the master clock signal}. 

Notice that there is no mention of frequency or period of the clock signal, there is 
no baud rate to consider in SP! because the clock synchronizes and drives the process, 
not uming. The only clock frequency specification that needs to be considered is the 
hardware limitations of the MCU to produce a clock signal and limitations of the device 
to respond io the clock signal. Often there are response time limitations that must be 
considered. In the case of the MCP41010, the maximum clock frequency is specified at 
10 MHz which is not a factor for the exercises in this chapter. 


Finally, you must determtne the sequence of bits that is required by the device, either 
MSB or LSB first. In previous exercises dealing with the LCD, the sequence was LSB 
first, in the case of the MCP41010 device, data needs to be sent MSB first. 


MCP41010 Device Summary 


Parallax Serial LCD 
27977 


In summary, for the MCP41010 device the resting state of the clock signal ts low, the 
device is selected when the CS signal is low, the data is clocked in on the rising edge of 
the clock signal — MSB first 
— and the data is latched into 
the internal register of the 
device when the CS signal 
returns to high. 


Load Project and 
Build Circuit 


Load the project 
Program Files/Ch 16 
Program/SPI into MPLAB 
IDE. Build the circuit for the 
following exercise as depicted 
in Figure 16-1 and illustrated 
in Figure 16-2. The circuit 


a 
) 
= 
23) 
71 
Re?) 
= 
a 


inchides two push button 
switches ied to PORTA 
YO pins that are configured 


Figure 16-1 — Serial 
Peripheral Interface (SPI) 
Synchronous Serial Data 
Link circuit diagram. 
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as digital inputs with weak pull-up resisters 
enabled. The LCD is connected to PORTA, 5. The 
MCP41010 CS, SCK and SI pins are connected to 
the PORTC I/O pins 3, 4 and 5 respectively. These 
pins are configured as digital output pins. The 
TMRO resource is set up to generate a 1000 Hz 
tone in the speaker. The speaker is connected to the 
digital potentiometer wiper pin which acts like a 
volume control for the tone. 


Observe the Program Code 


Turn your attention to the program code as 
it is being reviewed. The main program checks if 
one of the push buttons is pressed (for increasing 
or decreasing the volume). When one of the push 
buttons ts pressed, the TMRO interrupt is enabled 
and the tone is generated. In addition, the data value 
that is sent to the MCP41010 that sets the volume 
is either incremented or decremented as long as the 
button is pressed. The combined write command 
Figure 16-2 — The SPI Project. and data bytes are sent via the SPI subroutine to 
change the potentiometer and tone volume. 

The Initialization section of the code should be familiar to you already. Scroll down 
to the main part of the program. The first lines of code set up the TMRO register, SETS 
the CS line to disable the MCP41010 chip, CLEARS the SCK line, the resting state of the 
clock and sends some labeling text to the LCD. The main_loop section of the program 
reads the state on pins connected to the push button switches and jumps to the appropriate 
label to service the pin that is pressed: 


main loop 

btiss PORTA, up 

goto up volume 

btfss PORTA, down 

goto down volume 

goto main_loop 

We'll take a look at only the up_volume routines because both are similar. The 
portion of the code below sets up the TMRO resource for interrupts to generate the 
1000 Hz tone. 

up_volume 

movlw TMRO_scale 

movwt TMRO 

bef INTCON, TOIF 

bsf INTCON, TOILE 

bsf INTCON, GIE 

The repeat_up loop increments the data value that sets the potentiometer wiper position. 

repeat_up 

incf volume, f 

btfsc STATUS ,2 

decf volume,£ 
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The btfisc opcode checks to see if the volume variable overflowed to zero when 
it was incremented. If an overflow occurred, the variable is decremented to keep it at a 
maximum of 255. Without this step, the volume of the tone would loop through the full 
volume range going up. There are a few lines of code that send the value of the volume 


data byte to the LCD for display. 


The Command Byte 


The data sent to the MCP41010 is 16 bits, or 2 bytes in length. The first 8 bits make 
up the command byte. In this simple device, there is only one command byte — to 


Reset Dit counler 


movhy .8 
mow bit_counter 


nexibit (cop) 
Command 


Byte 


moviw Byte Assume CLEAR dala 
bit 
ocf PORTC, 5 
C3 SET 
bsf PORT, 4 


Rotate MS6 leff into 
carry bit 


rif byte_to_send.f 
Byte-to-send 


mow byte_to_send 


C CLEAR or SET? 
btfsc STATUS,C 
call nexibit (loop) ‘ 


Reset bit counter 
SET data bil 
movhy 8 
mowwl bit_counler bsf PORTC.S 


Data Byts Pulse Clock 
bsf PORTC,4 
moviw Byte bef PORTC.4 


Byle-to-send Decrement 


bit_counter, is it zero? 


movi byte_to_send dectsz bitcounter4 


call nextbit (loop) 
CS Set 
hst PORTC, 3 


Figure 16-3 — Code Flow Diagram. 
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write a data byte thal sets the wiper position 
on the potentiometer. The bit makeup of 
command byte can be found ia the device 
documentation. The command byte to write 
to data to the MCP41010 is b’ 00010001". 
Any other command byte will be ignored by 
the device. The data byte that determines the 
potentiometer wiper position then follows the 
command byte with the MSB sent first. For 
instance, to set the potentiometer wiper to 
the center position with a resistance of 5 kQ, 
the data byte would be 128 (b'10000000'}, 
which 1s ‘4 of 255 — the top position on 

the resistance ladder. The data stream that 
includes the command and data bytes would 
be b’ 06010001 10000000’. The device 
must receive all 16 bits or the command is 
discarded. Continue to scroll down through 
the code to see how this is done. While you 
are reviewing the code, take a look at the code 
flow diagram in Figure 16-3. 

The bef command sets the CS line low to 
signal the MCP41010 that is being addressed. 
The movlw instruction loads the bit pattern 
b’ 00010001" into the w-register. This bit 
pattern was defined and assigned to the label 
potO in the definition section of the code. The 
command byte is passed to the spi subroutine 
through the w-register. 


bef PORTE, CS 
movlw — pot0 
call spl 
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spi 
movwt 
moviw 
movwt 

trans loop 
bef 
rlf 
btfsc 
bsf 
bsf 
bcf 
decfsz 
goto 
return 


moviw 
call 
bsf 
btfss 
goto 


bef 
bef 
bef 
goto 
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Scroll down to the spi subroutine, this is where the SP] communication work is done: 


data_to_send 
.8 
bitcounter 


PORTC, ST 
data_to_send,f 
STATUS, © 
PORTC, SI 
PORTC, SCK 
PORTC, SCK 
bitcounter,f 
trans loop 


The byte to be sent ts transferred from the W-register into an intra-loop working 
register data_to_send. The bitcounter variable 1s loaded with the number of bits to be 
sent. The bit to be sent is assumed to be CLEAR by using the bef opcode. The first bit 
(MSB) to be sent is rotated left out of the data_to_send variable into the STATUS, C 
bit with the r1f mstruction. Note that in the previous chapter on asynchronous serial 
communications, the data was sent LSB first which required that data rotate right into the 
carry bit. The carry bit is checked, and if CLEAR, the next instruction is skipped. The ST 
line is now in the corresponding state to the bit being sent. The SCK line is toggled high 
then low to latch the bit ito the MCP41010 data register on the rising edge of the clock. 
The bitcounter is then decremented and checked if it is zero, if not, the loop continues to 
send the next bit, when done, the control of the program returns to the calling code. 


The volume data byte is then loaded into the w-register and it is passed to the spi 
subroutine for transmission. 


volume 

spi 
PORTC,CS 
PORTA, up 
repeat_up 


INTCON,GIE wif all done, disable tone 
INTCON, TOIE 

INTCON, TOIF 

main_loop 


The bs£ command SETS CS to signal the MCP41010 to set the potentiometer wiper 
and await further commands. The state of the push button is checked with the btfss 
command. If it is still pressed (CLEAR) then the volume up process is repeated. If the 
button is released (SET) then the tone is turned off by disabling the TMRO interrupt and 
the main programm loop continues. 


On a side note, scroll down into the LCDOutput subroutine. This is the routine that 
sends the characters to be displayed on the LCD via serial communication. You have 
studied this subroutine in the last chapter, but notice that mn this version of the subroutine, 
instead of calling another subroutine to generate the bit time mterval delay for 9600 


baud transmission, the delay code is included in two locations within the subroutine, 
which seems a little inefficient. It is, but it also is required to work around the limitation 
imposed by the 8-level Stack in the PIC16F676. When the bit delay code is called as a 
subroutine, the Stack overflows and corrupts the program counter upon return from the 
subroutine and the program crashes. Imbedding the delay code within the LCDOutput 
subroutine prevents the Stack from overflowing. This is one thing to keep in mind tf your 
programs crash even though they seem to work just fine when testing them in MPLAB 
Simulator. It is easy to over use nested subroutine calls and quickly overwhelm the Stack. 
Tt is time to load the program into the PIC] 6F676, install it in the circuit, and power 
it up. The LCD should display the starting POT setting of 128. When you press the 
UP button, the tone will start and the volume will increase from the mid-volume to the 
maximum, coincident with the increasing POT setting number. Release the button and 
the tone will stop. Press the DOWN button. The tone will come on again and the volume 
will decrease from the previous setting to the minimum volume. This is similar to the 
operation of the volume controls of most modern electronics. 


Summary 


SPI techniques allow the user to serially pass information between a master 
device and multiple slave devices in both directions without regard to stringent timing 
specifications. The tradeoff when compared to asynchronous serial communication 
techniques is that it can take up to four signal lines to control the flow of data. In 
this chapter, a simplifted, simplex (one direction), form of SPI was used to study the 
technique that required only three signal lines between the MCU and an MCP41010 
Digital Potentiometer. Those three lines included a chip select line (CS), a clock line 
(SCK) and a data line (SJ). In SPI, the CS line ts CLEARED to gain the attention of the 
slave device, the command and data bytes are applied to the SI line.one bit at a time (in 
proper sequence: MSB or LSB first), the clock is toggled to latch the data bits into the 
slave device’s data register and finally the CS line is SET to cause the command to be 
executed by the slave device. 


Review Questions 


16.1 List the advantages and disadvantages of each serial communication technique 
(Asymmetrical and SPD). 


16.2 If one SPI device needs a CLEAR CS line and another SPI device needs a SET CS 
line to operate, can these two devices share all three signal lines (CS, SCK. and SJ}? 


16.3 If the wiper resistance in the MCP41010 is specified to be 52 £2, what resistance 
would you expect when you command the wiper position to b' 00000000'? 


16.4 What line(s} of code would need to be changed if the attached SPI device required 
commands sent in LSB first format? 


16.5 For the sake of code clarity, you decide that you would like to treat the command 
byte and the data byte as a single 16-bit variable with the labels dataH and dataL. 
To do so, write an amended SPI subroutine that would send all the data bits in one 
subroutine instead of two passes through one subroutine as was done in this exercise 
(once to send the command byte and then again to send the data byte). Hint: look 
to see how this was done in the b2_BCD subroutine (binary to BCD conversion 
subroutine), loop16 loop. 
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Working 


With Data 


LED Display Unit 


Objective: To leam how to configure and use resources of the PIC! 6F676 to drive a 7-segment, 
single digit LED display and to use a data table within software to drive the display to generate 


numerical digits. 


Reading: PIC]6F630/676 Data Sheet, page 85 and Single Digit Display Data Sheet 335090. 
Program: Program Files/Ch 17 Program/7_Seqment LED. 


The interface between the MCU device and the user is very software intensive and 
requires a lot of hardware resources. In previous programming examples, you have used 
serial communications techniques and data tables to display prompt messages on an 
LCD display. In this chapter, a technique to use data tables to generate numerical digits 
displayed on 7-segment LED displays will be explored. 


A 7-segment LED display unit contains 7 LEDs arranged so that when the individual 
LEDs are turned on in the proper arrangement, a numeric from 0 through 9 is formed 
on the display. The display units come in two basic forms, common anode and common 
cathode. Regardless of the type of display. these units require a minimum of 7 MCU 
I/O resources to form the numbers (additional I/O resources if decimal point LEDs are 
required). More than one display unit can be multiplexed to increase the digit count (for 
instance four 7-segment LED display units to form a clock), but this would require an 
additional I/O pin resource for each digit, which could quickly limit the number of digits 
that could be handled by a single MCU device. 


Anode Display and Cathode Display 


In a common anode display, a single current source is required — the MCU I/O 
resources are used to provide the ground path for the individual LED segments by 
CLEARING the [/O pin. In a common cathode display, a single ground is required — 
the MCU I/O resources are used to provide the current source for the individual LED 
segments by SETTING the I/O pin. There are advantages and disadvantages to each 
configuration. Regardless of the configuration chosen for the display unit, consideration 
must be given to the current handling capabilities of the MCU individual I/O pins as well 
as the total current handling of the device. For the case of the PICI6F676, the maximum 
source or sink current handjing capabilities of the individual pins is 25 mA and a total 
current for all I/O pins combined is 200 mA. 


The Use of 7-Segment LED Displays 
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Chapter 17 


We are going to demonstrate and explore in this chapter the use of 7-segment LED 
displays with only a single digit. Build the circuit as illustrated in Figure 17-1 and 
Figure 2. The display unit used in this circuit is a common cathode type. The PORTA 
and PORTC I/O pins connected to the individual LEDs of the display provide the current 
source through current limiting resistors. The approximate current required for each LED 
can be estimated by the use of Ohms law. The voltage provided at the I/O pin is 5 V. The 
current through the current limiting 470 © resistor would be approximately 0.01 A (5 V/ 
470 (2 = 0.011] A). This value is well within the specified current limits for the individual 
YO pins of the PIC16P676 (25 mA) and also well within the total current handling 
capacity of the device (200 mA). If higher current handling capacities were required, 
transistor switches could be employed. 
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All 


Resistors 
4700 


Common 
Cathode 


Survey of Contents of Table 17-1 


Review the contents of Table 17-1 which lists the sequence in which the individual 
LEDs of the display unit need to be illuminated to form the desired number digit. The 
individual LEDs are labeled A thorough G. Reviewing the data sheet for the display 
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Figure i7-2 


Decimal 


unit will tell you the specific 

pin connected to the individual 
LEDs. The bottom rows of the 

table identify the PIC] 6F676 I/O 
resource and physical pin connected 
to the individual LEDs. The left- 
hand column lists the number to be 
displayed. The columns below the 
letter designator for the individual 
LEDs list the state applied to the 
connected I/O resource to generate 
the number. A “1” applied to an 
LED would apply 5 V to that LED 
and it would Uluminate. Conversely, 
a“Q” would ground the LED 

and keep it off. The column on 
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Project 


table_get 
addwt 
table dt 


the far right lists the decimal value that equals the binary representation of the 7-bit bit 
pattern required to generate the number displayed. The right-hand column will be used 
in the data table in software that will be called to generate the numbers displayed on the 
7-segment display unit. 


Load the project Program Files/Ch 17 Program/7_Segment LED into MPLAB 
IDE and display the .asm file contents while we explore the code. Scroll down to the 
bottom of the code in the subroutine table_get that includes the data table labeled simply 
“table.” 


PCL,£ ;add the offset to the program counter to jump to character 
.63, .6, .91, .79, .102, .109, .125, .7, .127, .103 


The data table is formed by the use of the dt directive. Recall from Chapter 7 that 
the dt directive generates a series of ret 1w instructions in a data table that will load 
the W-register with the 8-bit value of the offset argument and return that value in the 
w-register to the calling program code when the ret 1w opcode is executed. The offset for 
the desired value in the data table is added to the low byte of the program counter which 
causes a jump to the desired value and the ret lw opcode is executed: For example, if the 
“9” digit is to be displayed, the value of 9 is added to the program counter with the addwf 
PCL, £ instruction and a jump is made to the 10th position in the data table @emember 
to start counting from 0). This generates a retlw with the w-register loaded with the 
literal decimal value 103. 


Scroll up to the main part of the program. 


main 
movlw 
movwE 


next_count 
decf 
moviw 


call 


movwet 
andlw 
movwEt 
rr 
rrf 
rrf 
moviw 
andlw 
movwE 
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.10 
counter 


counter 
counter 


table get 


Here the starting value is loaded into the variable counter which will be used to count 
through the digits 0 through 9 for display. The starting value of 10 is loaded the first time 
through because the counter is decremented within the loop so the first digit displayed 
will be 9, not 10. Within the next_count loop, the value of counter is decremented and 
loaded into the w-register before the call table_get instruction is executed to retrieve the 
desired bit pattern to generate the number digit. 


temp 

b‘ 00000111" ;mask upper 4 bits 
PORTA 

temp, f ;shift out lower 3 bits 
temp, £ 

temp, f 

temp 

b’00001111' 

PORTC 


cali 


movt 
btfss 
goto 
goto 


waltlsec 


Upon retum of the program execution to the main program with the bit pattern in 
the w-register, the bit pattern is stored in a working variable location labeled temp. The 
hardware connections between the MCU and the LED display are set up so that PORTA 
pins RAO, RAL, and RA2 are connected to LED segments A, B, and C respectively. To 
extract the bits for LEDs A, B, and C, the andiw opcode is used to mask those bits and 
convert all the other bits to zero before the bit pattern is loaded into the PORTA register to 
illuminate the appropriate LEDs. The three rxf opcodes rotate right the bits for LEDs A, 
B, and C out of position and the bits for LEDs D, E, F, and G into the lowest nibble of the 
byte temp. The contents of temp is then loaded into the W-register and the andlw opcode 
is used to mask the lower 4-bits and convert alJ the other bits to zero. This bit pattern is 
then loaded into the PORTC register to illuminate the appropnate LEDs to complete the 
number to be displayed. A delay of 1 second is then executed to give time for the number 
to be displayed before the next digit ts displayed. 


counter 
STATUS ,@ 
next_count 
main 


By simply moving the contents of counter back into counter, you can check if the 
value of counter has been decremented to zero. The bt fss opcode skips the next opcode 
in code if the value of counter is zero and the main program repeats. If counter 1s not 
zero, the next digit to be displayed is generated by the next iteration of the next_count 
loop. 

You can confirm the operation of the code by using the MPLAB Simulator and the 
WATCH window, 


Build and Load the Program 


Summary 


Review Question 


Build and load the program into the PIC16F676. Install the device in the circuit and 
apply power. The 7-segment display will count down the digits from 9 through 0 and 
repeat the process until power is removed. 


User interfaces with MCUs are software and hardware intensive. The use of data 
tables can reduce the amount of software overhead required to display messages or im this 
case to display a digit on a 7-segment LED. There are two kinds of 7-segment displays, 
common anode and common cathode. The user needs to consider the total current 
handling capacity of the MCU. The dt directive is used to create what is essentially a 
table of retlw opcodes that will load the w-register with the table entry and return to 
the calling program with the w-register intact. By adding an offset value to the program 
counter inside the data table subroutine, jumps to the desired data entry in the table are 
executed. 


17.1 Explain how you could multiplex four 7-segment display units to display all digits 
at one time. Draw a circuit diagram for the required circuit. Can this be accomplished 
with the PIC]GF676 device? 
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Putting it All 
Together 


Objective: To present a practical application that utilizes many of the software techniques used 
throughout this text. The culminating project is a Morse code electronic keyer. 


Program: Program Files/Ch 18 Program/Keyer 


Putting New Knowledge Together in a Final Project 


You have come a long way during this journey to learn the basics of MCU 
programming. It is now time to tie many of the bits and pieces together in one 
culminating project to illustrate how you can develop your own PIC-MCU based project. 
The final project is a Morse code electronic keyer. You may or may not be a bam radio 
operator or interested in communicating with Morse code, regardless, the programming 
fundamentals and the use of the PICL6F676 resources is the real purpose of the project. 


Morse Code and Keyers 


Morse code is one of the first means of communication by electronic digital 
technology. The characters of the alphabet, numbers, punctuation and a few procedural 
signs are formed by a series of dit (dots) and dashes (dahs) that are transmitted by some 
medium between the sender and receiver. The basis of Morse code is the time length unit 
of the dit. The dash has a length of three dit time units. The me space between the dits 
and dahs that make up the character “byte” is one dit time unit. The time space between 
characters within a word ts three dit time units (or one dah length). The time spacing 
between words in a sentence is seven dit time units. Morse characters can be formed by 
a hand key or switch that is turned on by the operator with the appropriate on and off- 
time. There are a number of mechanical and electronic devices that can be employed to 
assist the operator in making the Morse characters. These devices are mainly employed 
to improve the quality of the characters being sent, increase transmission speed or reduce 
operator fatigue. One such device is an electronic keyer. The electronic keyer has two 
input switch connections, one when closed will send a series of dits and the other that 
will send a series of dahs. The operator manipulates these switches alternately to form the 
Morse characters of dits and dahs. The electronic keyer is an excellent candidate for an 
MCU based project. 


MCU Resources Needed for This Project 


18-2 


Chapter 18 


The first step in developing this project is to determine the MCU resources needed 
for the keyer while documenting the interconnections between components on a circuit 
diagram. For the keyer project: 

a. Two input assigned I/O pin resources with weak pull-up resistors are required for 
the dit and dah switches. 

b. One output assigned I/O pin resource is required to drive a transistor switch and 
indicator LED to actually key the transmitter equipment. 

c. Another output assigned I/O pin resource is required to drive another transistor 
switch and indicator LED to enable or turn on the transmitter equipment to put it in the 
transmit mode — this is generally called the push-to-talk (PTT) line. 

d. One output assigned I/O pin resource connected to a speaker is required to develop 
an audible tone that will provide Morse code feedback to the operator. 

e. One ADC resource that is connected to a variable resistor that will allow the 
operator to control the dit time base unit length by varying the voltage on the ADC pin. 

f. Finally, the TMRO resource will be used to generate a [O00 Hz side tone to make 


the Morse bits audible, and the TMR1 resource will be used to hold the transmitter PTI 
line on for a specified period between Morse characters. 


The Electronic Keyer Circuit 


The circuit diagram of the electronic keyer with this resource configuration is 
depicted in Figure 18-1. 

Build up this circuit on the prototyping board or if you have purchased the associated 
kit of parts for this text, the circuit can be built on the circuit board provided. Refer to 
the construction manual for this circuit board in Appendix C. The components for this 
project have been used in the circuits presented in the exercises throughout this text. Next 
load the project Program Files/Ch 18 Program/keyer into MPLAB IDE. View the 
contents of the code in the keyer.asm file for the following discussion of the application 
code. 
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Figure 18-1 — Keyer Schematic 
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Discussion ef the Application Code 


Scroll down to the device initialization section of the code. You now should be able to compare 
the initialization code instructions to the listing of resources required above. 


Init 

BANKSEL Bank1 

call OX3EF ;retrieve factory calibration value 

movwet OSCCAL 

BANKSEL Banko ;select bankdo 

clrt PORTA ;clear port bus 

cirt PORTC 

movlw b’'00000111° ;comparator disconnected, low 
;power state 

movwt CMCON 

moviw 9'11000000' ;globals enabled, peripherals 
jenabled, TMRCG disabled 

movwt INTCON 

moviw bp’ 900190001" jieft Justified, Vdd ref, RCO has ADC, ADC 
;Stop, ADC turned on 

movwt ADCONO 

moviw b'00119001° ;TMR1 prescale 1:8, internal clock, TMR1 ON 

movwt T1CON 

BANKSEL Bankl ;select bankl ~ 

moviw b’ 00006001" ;TMRO set-up: pull-ups enabled,xX,internal 
;clk, X, pre-scale tmr0, pre-scale 1:2 

movwE OPTION REG 

moviw b’ 00010000° ;Fose/8 for ADC 

movwet ADCON1 

moviw b’00000011’ ;RAO and RAl as input for paddle RA2 

movwt TRISA iprogram PORTA 

moviw b' 00000011’ ;weak pull-ups on RAO, RAI 

movwE WPUA 

moviw b’ o0c00001' ;RCO input for ADC 

movwft TRISC fprogram PORTC 

movlw b/00016000° ;RCO analog, all other digital 

movwE ANSEL 

movilw b’ 00000001" ;TMRL interrupt enabled 

movwE PIE1 

BANKSEL Banko ;back toe bankd 

clrf PORTC 


Code for Closing the Key Switches 


Scrol] down to the main section of the code. Here you will find the code that we will monitor for 
the closure of the key switches and take appropriate action through subroutines. 


get_key loop 


move PORTA, £ 

btfse STATUS, 2 

goto lombic juse goto's here to avoid overwhelming 
jlimited stack space 

btfss PORTA, 0 

goto send _dits 

bifss PORTA, 1 

goto send dahs 

goto get_key loop 
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The first opcode mov£ simply takes the contents of the PORTA register and loads in back into 
itself, but during the process, if the PORTA register is zero (both the dit and dah switches are 
closed) the STATUS, 2 flag is SET and a jump to the iambic subroutine is made. If the PORTA 
register is not zero, then the individual switches are checked for closure and appropriate gotos are 
executed. As indicated in the comments, gotos are used instead of calls to avoid Stack overflow. 


Set Up of Timer Resources for Sending Dit 


The two timer resources are sel up to generate the 1000 Hz tone (TMRO) and to generate the ime 
interval that will hold the transmitter on (the PTT line) between characters. The voltage applied to 
the ADC resource will be used to determine the length of the dit delay. These timer resources are 
configured to generate interrupts and the individual interrupts are enabled as required within the 
subroutines. Scroll down to the send_dit subroutine. 


send dit 
bsft PORTC, PTT jturn on PTT 
bsf PORTC, key ;close key 
clrt TMRIH 
cirf TMR1L 
bef PIR1, TMRIIF 
bsf T1CON , TMR1ON 
bef INTCON, TOIF 
bsf INTCON, TOIE . 
goto $42 iskip over the bef PORTC,key line 
send_space 
bef PORTC, key ;open key 
call get_adc 
clrt h byte 
movwt ait_count low 
dit loop 
;delaylms ;delay routine contained here instead of 
;using a called subroutine to avoid stack 
soverflow issues 
mov lw -138 
movwt countl 
nop 
goto S41 
goto $+1 
dly1ms1 
goto Stl 
decfsz countl, = 
goto dlyimsl 
decisz @it_count_low, f 
goto dit loop 
bef INTCON, TOIF 
bcf INTCON, TOTE 
return 


When a dit is sent, the transmitter is put in the transmit mede by causing the switching transistor 
to conduct and close the PTT control of the transmitter by SETTING the RC3 pin and then the key 
line is also switched on by SETTING the RC2 pin. The TMR] associated registers and flags are 
set up for a time interval interrupt to keep the transmitter PTT line on between Morse characters 
and TMR1 is enabled. Similarly, the TMRO resource is also set up and enabled and the audio tone 
begins. Because the dit and space between bits of the Morse character are the same time interval, 
the same time delay code is used for both. However, during the dit time interval the transmitter 


Putting it AllTogether 18-5 


needs to be keyed, during the space time interval the transmitter needs to be un-keyed. The 
instruction goto $+2 skips over the instruction that un-keys the transmitter during the dit time 
interval. The call get_adc subroutine retrieves the feft justified ADC value that is determined by 
the setting of the variable resistor connected to the ADC resource. This value then is used to 
determine the number of iterations that the 1 ms delay loop is executed (nested loops) by the use 
of the dit_count_low counter variable. The area of the code Jabeled delay1ms should look 
familiar to you. This is the same code that generally is contained in the delay library of code. To 
avoid issues with Stack overflow, this delay code is included in the main body of the program code 
to avoid having to use subroutine calls to access the code. In this project the overall length of the 
program code is not restrictive. Once the dit delay is completed, the tone is stopped by disabling 
the TMRO resource. If the dit fime interval was intended to be the space between bits of the Morse 
character, the transmitter key line would need to be switched off. This is accomplished with the 
instruction bcf PORTC, key (that you will recall is skipped with the use of goto $+2 in the dit 
time interval use of this code). 


Sending the Dah 
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The same basic code sequence is used when the dah is being sent, however, the dah is three times 
the length of the dit time interval so code needs to be added to the dah sequence to increase the 
time interval by a factor of three. Scroll to the send_dash subroutine and take note of the section of 
that code labeled x3 (for times 3). 


x3 

moviw l_byte ;store a copy of the low byte in temporary 
;variable dash 

movwEt dash 

bet STATUS, C jmake sure the carry bit is clear 

rlf dash,w ;multiplying by 2 with overrun in carry bit 

rlf h_ byte multiply by 2 with carry bit placed in LSB 

bef STATUS, C ;make sure the carry bit is clear 

addwf 1 byte,f ;add in the original low byte to make times 3 

btfsc STATUS, C jcheck if there was a carry, if not skip the 
jincrement of the high byte 

inet h_byte 


This section of the code takes the dit time interval as determined by the setting of the variable 
resistor and retneved by the get_adc subroutine and multiplies it by three. This is accomplished by 
multiplying the value by two and adding the value to the product. The r1£ opcode multiplies the 
value by two (with any carry loaded into the b_byte through the STATUS, C bit). The original 
ADC value is then added with addwf and again, any carry that results from this operation is added 
to the h_byte variable. This value, now three umes the value required to generate a dit time 
interval, is used in the nested delay loop to generate the dah time interval. 
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Scroll to the interrupt_service subroutine section of the code. 


interrupt_service 


movwt w_temp ;copy w reg into a temporary variable 

swapft STATUS, w jusing swap here because it does not affect 
; STATUS 

movwt status_temp ;copy swapped STATUS into temporary 
;Variable 

btfse PIR1L, TMR1IF j;check if TMRi caused interrupt 

goto PTT service ;if so, turn off PTT 

bef INTCON, TOTF ;Glear TMRO interrupt 

movlw TMRO_scale ireset TMRO scaling 

movwet TMRO 

mov lw b‘ 000100007 ;set up to toggle RC4 

xorwEt PoRTC, £ 

bef INTCON, TOIF ;clear TMRO interrupt 

goto return_interrupt ;to not affect TMR1 and the PIT line 


The first part of the code that stores the contents of the w-register and the STATUS register should 
look familiar to you. There are two interrupts enabled in this application. The bt fse PIRI, 

TMR IF instruction is used to check the TMR1 interrupt flag to determine if the interrupt was 
generated from TMR1. If not, the interrupt, by default, must have been generated by TMRO. Hf the 
interrupt was from TMRO, the code toggles the I/O resource that drives the speaker to generate the 
tone and the TMRO resource is reset for the next interrupt. If the interrupt was generated by 
TMRI, then the PTT line needs to be serviced. 


PTT service ;called when PPT time is expired 
btfse PORTC, key ;if key is still down reset PTT 
goto reset_PTT . 
bef PORTC, PTT ;turn off PTT 
bet T1CON, TMR1ON sturn off TMR1 
bef PORTC, 4 ;make sure speaker I/O line is low to reduce 


;current consumption 


movlw b‘ 01000000 j;allow peripheral interrupts from TMR1 
movwe INTCON 
reset PTT 
movlw b' 00000011" 
xorwf PORTA, Ww 
btfiss STATUS, @ 
bsf PORTC, PTT 
bet PIR1,TMR1IF ;clear TMR1 interrupt flag 


In the TMR1] interrupt service section of the code, the state of the transmitter key line is checked. 
if the key line is closed the PTT line needs to be maintained in the closed state also and the TMR| 
interrupt is reset. If the key line is open (turned off), then the PTT line is opened because the 
specified time interval has expired (by virtue of the interrupt). The TMR1 interrupt is disabled 
until the next time either the dit or dah switch is closed. The interrupt_service routine is closed by 
returning the w-register and STATUS register to their pre-interrupt values and the enabled 
interrupts are globally enabled with the retfie opcode. 
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The last section of the code to be discussed is inside the get_ade subroutine. 


get_ade 
bsf ADCONO, GO pset GO bit to begin ADC conversion 
wait _ADC 
btfisc ADCONO, NOT DONE ;check if ADC complete (cleared 
;bit) 
goto wait ADC ;if not, loop and wait until clear 
movlw 252 ;low gide limit for resistor value 
subwf ADRESH, w 
btiss STATUS, C 
goto check low limit 
moviw .252 
movwt i byte 
return 
check low limit 
moviw 24 jhigh side limit for resistor value 
subwf ADRESH, w 
btiss STATUS, C 
goto exit Abc 
moviw ADRESH 
movwt 1 byte 
return 
exit ADC 
mhovilw .24 
movwt 1 byte 
return 


Only the top 8-bits of the 10-bit ADC value are used to determine the dit time interval. The lower 
2-bits are truncated by using the left hand justification of the ADC registers and loading the top 
8-bits into |_byte and clearing the value in b_ byte. The first part of the code loops until the ADC 
conversion is completed. It was found through experimentation and development of this project 
that the highest and lowest values of the ADC were not usable for generating Morse code, 
consequently, a software trap was developed to eliminate those ADC values above 252 and those 
below 24. For those values above 252, the literal 252 is subtracted, using subw£, from the ADC 
value in ADRESH. If the result does not generate a carry (the value of ADRESH is less than 252) 
then the low limit is checked. If the result generates a carry (the value of ADRESH is greater than 
252) then |_byte is loaded with 252. Similarly, the low limit is checked by subtracting the literal 
24 from the value of ADRESH and the appropriate value is loaded into ]_byte. If you are going to 
use a similar technique in your own code, you can use MPLAB Simulator and the WATCH window 
to view the operation of your code to ensure you get the outcome that you expect. 


In operation, when you close the dit switch, a string of dits will be generated. You will hear the 
audio tone of the dits. The PTT LED will illuminate indicating the transmitter is enabled, and the 
KEY LED will flash in step with the dits being sent. Likewise, closure of the dah switch will 
generate a series of dahs. When the switches are opened, the PIT LED will extinguish a moment 
later putting the transmitter in the stand-by mode. Closing both the dit and dah switches at the 
same time will generate a series of altemating dits and dahs. The Morse operator uses a 
mechanical switching device called a paddle that is connected to the dit and dah Jines of the 
electronic keyer. The paddle is set up for side to side movements with the fingers to close the 
switches. To generate the letter “A” for instance (dit-dah), the operator would momentarily close 
the dit switch with a thumb movement, and then momentarily close the dah switch with the 
pointing and middle finger movement. The electronic keyer will keep track of proper dit interval 
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uming and make sure that the transmitter controls are on and off at the proper time intervals. To 
generate the letter “B” (dah-dit-dit-dit), the operator would momentarily close the dah switch and 
then hold the dit switch closed for a long enough time to generate a series of three dits. 


Conclusion 


You have come a long way in this journey to learn more about MCU programming, 
and that journey has only begun. Now that you have the basic tools you need to tap into 
the power that these common yet very powerful devices have to offer, it is time for you to 
experiment and develop your own application. The real learning comes from adapting the 
MCU to accomplish a task that you dictate. 

The next leg of your journey begins by dividing your intended project into simple, 
individual tasks that need to be accomplished to reach the end goal. Then match the 
available resources of the MCU device to those individual tasks and illustrate the 
connecting bits and parts needed to interface the MCU to the outside world in a circuit 
diagram. Then armed with the resource listing and your circuit diagram, it is tume to 
develop the program code to accomplish each task (or step). Begin your code by defining 
constants and variables. Next, write the code to configure the resources of the MCU 
to meet your needs. When you write the ‘meat’ of your code, try to use subroutines to 
accomplish the individual tasks if possible. This will make your code easier to debug and 
also make it more readable. Get the individual subroutines to work to your satisfaction 
and then move on. The main part of your program is then simply a matter of calling upon 
the subroutines to take you from point A to point Z of your application journey. 


Review Questions 


18.1 How can you customize the keyer project to include a start-up sequence of Morse 
code characters, for instance to send “HI” or send your ham radio call sign? Consider 
if you want this start-up sequence to be tansmitted over the alr waves or not. 


18,2 Develop circuit and software changes to automatically send common Morse code 
sequences like sending CQ calls. 


18.3 Develop circuit and software changes to add a power-on LED to the project. 


18.4 Develop software changes that will increase or decrease the amount of time the PTT 
line is held closed after the last Morse character is sent. 
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ASCT — Amentean Standard Code for Information Interchange is a numerical based code used to 
represent text in computer equipment, and other devices that work with text and/or display text 
ASCII includes definitions for 128 characters: 33 are non-printing, that affect how text is 
processed; 94 are printable characters; and the space character. 


Assembly — Language. Assembly is a low-level programming language that is based on 
mnemonics that represent instructions or opcodes. The use of mnemonics helps to make the code 
more readable. The instructions authored in assembly are then assembled, compiled, or translated 
into machine language, which is the program in a sequence of binary code that is actually run in 
the microcontroller. High-level languages such as C++ or PASCAL are used for writing more 
complex programs to perform larger tasks. The use of high-level languages is much easier. 
Programs written in high-level code also need to be compiled. 


Asynchronous Serial Communication — Asynchronous describes a serial transmission protocal 
that requires that a start signal is sent prior to each byte, character or code word and a stop signal 
is sent after each code word. The use of asynchronous serial communication does not require that 
clocking of the sending and receiving devices be synchronized, which means that data 
transmission can occur at any time. This scheme then requires that some part of the protocol is 
used to signa] that data is being transmitted. The start signal serves 1o prepare the receiving 
mechanism for the 
reception of the 
104 ps 104 ps data bits that 
Bal follow. The stop 


condi 
f1]2]3[4[s|e]7[38|/ i it/}213/ 41578 é signal signals the 
= receiving device 
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preparation for the 
next byte. 
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In the above diagram, a start bit is sent, followed by eight data bits, no parity bit and one stop bit, 
for a 10-bit character frame. The number of data and formatting bits, and the transmission speed 
are specific to the device. After the stop bit, the line may remain idle indefinitely, or another 
character may unmediately be started. 


Opcode — An opcode (operational code) is the portion of a programming instruction that 
specifies the operation to be performed. The opcode, in combination with the oprand, make up the 
programming instruction. 


Oprand — An oprand is the portion of a programming instruction that is changed, modified, or 
provides arguments for action upon by the opcode. Oprands may include constants, register or 
memory locations, values stored in memory locations or registers, or I/O port pin assignments. 


Microcontroller or MCU — A microcontroller or MCU is-a functional computer system-on-a- 
chip. An MCU has a central processing unit (CPU), a smal) arnount of RAM memory, 
programmable peripherals, and input/output pins (I/O). MCUs are used in automatically 
controlled products and devices, such as automobile engine control systems, remote controls, 
office machines, appliances, power tools, and toys. 


PIC® — PICs are a family of Microchip Technology microcontroller products. The term PIC is a 
registered trademark of Microchip; however, the term Is frequently used to refer to generic 


- microcontrolier devices. PIC has also referred to Programmable Interface Controller, Peripheral 
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Interface Controller, and Programmable Intelligent Computer. In this text, the use of PIC will be in 
reference to the Microchip family of microcontrollers. 


SPI™ — Serial Peripheral Interface is a communication protocol that allows devices to 
communicate using a master/slave relationship, in which the master initiates the data frame. When 
the master generates a clock and selects a slave device, data may be transferred in either or both 
directions simultaneously. SPI specifies four signals: clock (SCLK), master data output, slave 
data input (MOSI); master data input, slave data output (MISO), and slave select (CSS). 
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Answers 


Chapter 2 — Inside the PIC16F676 


2.1 What is the physical pin assigned to PORTA RA3? 
Answer: Pin 4 


2.2 What is the purpose of the comparator module? 

Answer: To compare the relative voltage magnitudes on two pins RAO and RAI or 
physical pins 13 and ]2. The output of the comparator can be programmed to be put on 
pin RA2 or physical pin 11. 


2.3 What is the physical pin assigned to the ADC channel ANS? 
Answer: Pin 9 


2.4 What is the bit resolution of the ADCs within the PIC16F676? 
Answer: 10-bits 


2.5 How many internal general purpose timers are available in the PIC16F676? 
Answer: Two, timer 0, an 8-bit timer/counter, and timer 1, a 16-bit timer/counter 


2.6 How much RAM is available for your programs? 
Answer: 1024 words of FLASH RAM 


2.7 Once a PICL6F676 is programmed, how long can you expect that program to be 
retained in the PIC (if it is not over-written by another program)? 
Answer: Greater than 40 years 


Chapter 3 — Software and Hardware Setup 


B-2 
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3.1 What icon and MPLAB IDE operation must you use with caution, or not at all as 
recommended by the author? 
Answer: The ERASE THE TARGET DEVICE MEMORIES button. 


3.2 If an MCU device suddenly stops working when developing your code and reloading 
the adjusted code in the device, what can you check in the device memory to try and 
troubleshoot the problem? 

Answer: The device memory may have been inadvertently erased. Click on the READ 
TARGET DEVICE MEMORIES icon, then display the Program Memory page with 
View/Program Memory, and scroll down to address Ox3ff. If you see 0x00 at 
that memory location, the device has probably been erased. The work-around for 
this problem is to not use the internal RC oscillator of the device or use the internal 
oscillator uncalibrated (OSCCAL). 


3.3 What is the web URL that you can visit'to find the latest version and/or check for 
recent updates of MPLAB IDE? 
Answer: www.microchip.com/ and then do a site search for MPLAB [DE 


Chapter 4 — Program Architecture 


4.1 In which section of the program will you identify the type of device for which the 
program ts intended? 

Answer: In the Directives section of the pragram code, at the beginning of the program 
listing after the comments that summarize the purpose of the program. 


4.2 In which section of the code will you identify additional files that contain information 
that is needed to complete the program? 

Answer: In the Directives section of the program code, right after you idennfy the type of 
MCU to be used. 


4.3 Why do you not write the main body of the program in the reset section of the 
program since that is where the program counter will be starting from upon initial 
power-up or reset of the device? 

Answer: There are only 4 memory locations between the reset vector and the interrupt 
vector. This is just enough room to write a goto to the routine that makes up the main 
program. 


4.4 What is the main difference between the code segment in the Initialize section and the 
main section of the code? 

Answer: The Initialization section of the code is where you configure the device 
resources by manipulating the SFRs. The Initialization section of the code is generally 
only run one time, when the power is first applied to the device or after a hard reset. 
The device resources and controlling SFRs can, and frequently are, manipulated in the 
main section of the code after first being configured in the Initialization section of the 
code. 


4,5 List two purposes for writing code in subroutines as opposed to writing the same code 
in the matin program? 

Answer: The use of subroutines allows you to use sections of code that may be repeated 
often throughout the program to perform redundant tasks. The use of subroutines 
makes your code easier for other users to follow and read. Carefully authored 
subroutines can be used in other applications by collecting the subroutines in a library 
that can be cut and pasted into other code. Subroutines can save memory space. Care 
should be taken to ensure that the use of subroutines does not overwhelm the limited 
Stack space of the device, particularly when using nested subroutines and interrupts. 


Answers B-3 


Chapter 5 — Program Development 
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5. List the steps required to list the files that make up a project. 

Auswer: Use the WINDOWS Explorer utility and navigate to the file where the program 
has been compiled. The main files include the file extensions .asm, .cod, -hex, Ist, 
.project, and .workspace. 


5.2 Can you develop, test, and debug programs without attaching the PICKit 2 
programmer? 

Answer: Yes, however those icons and functions specifically related to working with the 
programmer will not be available until the programmer is connected. 


5.3 Will the MPLAB IDE allow you to load a program into the target MCU device tf the 
program did not assemble properly? 

Answer: No, if the build fails, the current program will not be compiled and will not be 
loaded into the device. The previous program will remain in the device which may 
cause some confusion if you do not pay attention to the build error message. It would 
appear that the programming was successful because the device functions in circuit, 
however your programming adjustments will not have been made in the program in the 
device. 


5.4 Which of the icons that allow you to access the target device memory should you use 
with great caution, or not at all? 

Answer: The ERASE THE TARGET DEVICE MEMORIES. [ know you are probably tired 
of seeing reference to the use of this icon but be assured, the redundant reference is on 
purpose. I have trashed too many devices by making this error and want to ensure it 
doesn’t happen to you more than one ume. 


5.5 Why is it important to use the standard default file structure when installing MPLAB 
IDE on your computer? 

Answer: So that you can find the required .inc file for the device. MPLAB IDE utilities 
are set up for the default file structure. You can override the use of the default file 
structure, but other users of your programs may not be aware of your unique file 
locations when they try to compile your programs from the source code. 


5.6 Which type of file is unique to each particular MCU device? 

Answer: The include file with extension .inc. The include files are placed in the 
C:\Program Files\Microchip\MPASM Suite directory when using the defaults 
during MPLAB IDE installation. 


Chapter 6 — Working With Registers 


6.1 Define SET and CLEAR. 

Answer: SET means that the addressed pin, or register bit is in the high state, 1, or +5 V 
is applied as appropriate. CLEAR means that the addressed pin, or register bit is in the 
low state, 0, 0 V, or ground. 


State the appropriate register and bit to accomplish the following actions. In your 
answer list the register label name, the actual memory location in hexadecimal, the bit 
label, and the bit number. Use the Question 6.2 as the example. 


6.2 Which bit is manipulated to switching to Bank 1? 
Answer: STATUS, 0x03 or 0x83, RPO, bit 5. SET RPO for Bank I. 


6.3 What register and bit would you read to determine if an arithmetic action resulted in a 
zero result? 
Answer: STATUS, 0x03 or 0x83, Z, bit 3. Z is SET if the result is zero. 


6.4 Enable the weak pull-up resistors on PORTA, 2? 

Answer: WPUA, 0x95, WPUA2, bit 2. SET WPUA2 to enable the weak pull-up 
on PORTA, 2. OPTION_REG, 0x81, RAPU, bit 7. CLEAR RAPU to enable all 
individually enabled weak pull-ups. 


6.5 Disable all weak pull-up resistors associated with PORTA? 
Answer: OPTION_REG, 0x81, RAPU, bit 7. SET RAPU to disable all individually 
enabled weak pull-ups. 


6.6 To what register would you load the factory determined internal oscillator calibration 
value? 

Answer: OSCCAL, 0x90. The value loaded into OSCCAL is retrieved from memory 
location Ox3ff. 


6.7 How would you configure the appropriate registers to make PORTA, 0; PORTA, 2; 
and PORTA, 4 as digital outputs, and PORTA, 1 as an analog input? 

Answer: TRISA, 0x85, TRISAO, bit 0, TRISA2, bit 2, TRISA4, bit 4, TRISA1, bit 1. 
CLEAR TRISAO, TRISA2, and TRISA4 to make those pins output; SET TRISA1 to 
make that pin input. ANSEL, 0x91, ANSO, bit 0, ANSI, bit 1, ANS2, bit 2, ANS3, bit 
3. CLEAR ANSO, ANS2, and ANS3 to make these pins digital, SET ANS1 to make 
this pin an analog input pin. 
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Chapter 7 — Instruction Set Overview 


7.1 Does the movf instruction affect the Z flag of the STATUS register? 
Answer: Yes 


7.2 What value would the instruction movf varl, £ serve? 
Answer: This 1s a programming technique that can be used to check if the value in var1 is 
Zero Or not. 


7.3 What precautions should you consider when executing nested call instructions? 
Answer: You can overwhelm the available Stack space (8-bytes deep) if you have more 
than 8 calls to subroutines before returning from a subroutine. 


7.4 Which of the opcode instructions is useful if you want to toggle an I/O pin to tum on 
and off an attached LED? 
Answer: xorwf. 


7.5 What kind of information is included in the device .inc file? What directive would 
you use to include the contents of the device .inc file in your program code? 

Answer: The .inc file contains the mnemonic labels assigned to various device specific 
SFRs, register bits, and configuration words that match the documentation for the 
device. This allows you to author code that can be more easily followed by another 
user. The assembler directive to add the .inc file is 


#include <pl6f676.inc>. 


7.6 Which INTCON bit is automatically SET when the retZie opcode is executed? 
Answer: The GIE bit which enables global interrupts. The GYE bit is CLEARED 
automatically when an mterrupt occurs. 


7.7 When using the rrf and/or the r1f opcodes to rotate bits through the C bit of the 
STATUS register, what are some precautions that you need to consider? 

Answer: The previous contents of the C bit is rotated into the target location before it 
accepts the bit rotated out of the location. You need to make sure that the previous 
contents of the C register will not contaminate the target register contents. 


7.8 Is tt possible to move values from one memery tacation or register directly into 
another? Wnite a sample of code that would accomplish this task. 

Answer: No, when moving contents from one register to another, the value must pass 
through the w-register. 


moviw varilablel ;load contents in variablel into the w-register 
movwt variable2 jload the contents in the w-register into variable2 
The above code affects the STATUS, Z flag. 
swapt variablel, w ;swap the nibbles in variablel and load into 
;the w-register 
movwt temp ;put swapped contents into a temp variable 
swapt temp, w jun-swap nibbles that were in temp 
movwt variablel ;returm original contents into variblel 


The above code does not affect the STATUS, Z flag. 
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Chapter 8 — Device Setup 


BANKSEL 
movilw 
movwt 
movilw 
movwt 
moviw 
novwt 
moviw 
movwt 
BANKSEL 


BANKSEL 
moviw 
movwEt 
movlw 
movwE 
moviw 
movwe 
BANKSEL 
movlw 
movwt 


BANKSEL 
bsf£ 
BANKSEL 


BANKSEL 
bst 
BANKSEL 


BANKSEL 
moviw 
xorwt 
BANKSEL 


8.1 Write the code segments required to configure PORTA pins 0, 2, 4 and 5 as digital 
outputs, all other port pins as digital inputs with weak pull-up resistors enabled. 
Answer: 


Bankl ;select bank 1 

b‘ocococad’ ;weak pull-ups enabled 

OPTION REG 

b' 00091016" 70, 2, 4, 5 output, 1, 3 input 
TRISA ;program PORTA 

b'o0000010° ;weak pull-up on 1, no pull-up on 3 
WPUA 

b’ 00000000" ;all digital 

ANSEL 

Banko jback to Bank 0 


8.2 Write the code segments required to configure PORTA pin 0 as an ADC with a clock 


frequency of Freq/8 and left-hand justified. 


Answer: 

Bank1 ;select bank i 

b' aoooc001' ;0 input, all others (except 3) output 
TRISA jprogram PORTA 

b? 00010000" ; \Freq/8 

ADCONL 

b/ coo0G001 ;0 analog, all others digital 

ANSEL 

Banko ;BACK TO BANK 6 

b‘ ocoac010' pleft justified, Vdd as ref, ch 0 ANO 
ADCOND 


§.3 Write the code segments required to disable all weak pull-up resistors. 
Answer: 


Banki ;select bank 1 
OPTION REG, 7 ;SET RAPU bit 
Banko ;dack to bank 0 


8.4 Can the direction of a PORT pin be changed after it is initialized in the Initialization 
section of the code? If the direction can be changed, write the code required to change 


the direction of pin 5 of PORTC. 
Answer: Yes, (assuming that PORTC, 5 is an output to start, change to input in code) 


Bank1 ;select bank 1 
TRISC, 5 ;SET to change PORTC, 5 to input 
Banko jback to bank 0 


or to toggle PORTC, 5: 


Bank1l ;select bank 1 
b‘00100006' 
TRISC, £ jtoggle PORTC, 5 
Banko jback to bank 0 


Answers 
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Chapter 9 — Delay Subroutines 
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bitdelay 
moviw 


movwf 
goto 


goto 
nop 
bit 
decfsz 


gota 
return 
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9.1 Serial communications is based on precise timing of pulse widths. The pulse widths 
can be calculated by the formula time =] / baud. For 4800 baud, the time interval is 
.000208 seconds. Wnite a delay subroutine to generate bit pulses of this duration and 
test your code using the MPLAB Simulator tool. 

Answer: (the code below will create a delay of .000208 seconds) 


66 ;this number works if the user uses the calibrated 
;value for the internal clock. This routine, including 
;the goto and nop statements below allow the user to develop 
jan anticipated delay of 208 us for the bits at 4800 Baud. 
;This delay can be verified by using the stop 
jwatch function of MPLAB Simulator 


count 

$41 ;these goto statements allow you to tweak the 
;time of the 

$+1 ;delay. goto statements like this take 2 clock 
jpeycles 
;while the nop statement takes 1 clock cycle 
;lo complete 

count, £ 

bit 


Chapter 10 — Basic Input/Output 


BANKSEL 
movilw 
movwE 
movwt 
movilw 
movwt 
movilw 
movwe 
BANKSEL 


BANKSEL 
bcf 
BANKSEL 


movlw 
movwe 


Clrft 


btfsc 
bcf 
btfss 
bsf 


10.1 List the code that would be required to configure the I/O resources of the MCU so 
that RAO, RA3, RA4, RC1, and RC2 are digital inputs, the rest of the pins are digital 
outputs and Weak pull-up resistors are enabled on the PORTA input pins. 


Answer: 
Bank1l 
b‘G0011001° 
TRISA 

WPUA 
b'00000110° 
TRISC 

b’ 90000000" 
OPTION REG 
Banko 


;select bank 1 
30, 3, 4 input 


;Same pins have weak pull-ups 
jl, 2 input 


;CLEAR RAPU to enable weak pull-ups 


jpack to bank 0 


10.2 List the I/O restrictions on RA3. 
Answer: PORTA, 3 or RA3 is restricted to general input only because it also can be 
configured to serve as a master clear reset from an external source. 


10.3 You have a pin in PORTA configured as an input with the weak pull-up resistor 
enabled for that pin. Inside the main program, you would like to momentarily change 
the direction of that pin to an output. What command(s) would you need to include to 
do the switching from input to output and back again? : 


Answer: 
Bank1 
TRISA, # 
Banko 


;select bank 1 
;CLEAR the appropriate bit to make output 
jback to bank 0 


There is no need to change the WPUA register because the enabled weak pull-up resistors 
are automatically disabled when a pin is changed to an output. 


10.4 Write a command line that is an alternative to: 


b' 00000000" 
PORTA 
Amswer: 
PORTA 


10.5 The following command segment will toggle the status on pin PORTA, 4, which 
means if the pin is SET, the program will CLEAR the pin, and vice versa: 


PORTA, 4 
PORTA, 4 
PORTA, 4 
PORTA, 4 


continue with program 


movlw 
xorwE 


Write a tighter (more efficient code) that will accomplish the same task. (Hint: look at the 


xorwf command.) 


Answer: 
b’ 00010000" 
PORTA, £ 


;addressing bit 4 
;1£ 1 then 0, if O then 1 


Answers  B-9 
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10.6 Switches are notorious for contact bouncing, which means that when the contacts 
within a switch are opened or closed, there is not an instantaneous make or break of 
the switch contacts, When the switch closure or opening is sampled fast enough with a 
computer, multiple closures or openings could be detected with potentially disastrous 
results. Write a code segment that would help to alleviate the switch contact bounce 


issue. 
Answer: 
switch on 
btf£se PORTA, 0 ;switch connected to PORTA, 0 
goto switch on 
wait 
btfiss PORTA, 0 ;skip if switch open 
goto wait shold while closed 
10.7 Write out the default configuration for the ANSEL, TRISA, TRISC, OPTION_REG, 
and WPUA registers. Under what resource configuration conditions would the default 
configurations of these registers be okay, meaning you would not have to address these 
registers in the Initialization segment of your program? Would it be advisable to use 
the default configuration instead of deliberately configuring these registers, why or 
why not? 
Avswer: 
ANSEL = b'11111111’ 
TRISA = b’xx111111' 5 
TRISC = b*xx111111' 


OPTION REG = b’11111111' 
WPUA = b‘/xx11x111’ 


Not very often, maybe when all PORT I/O resources are going to be used as analog 
inputs. Deliberately configuring the registers in the Initialization of the code would 
facilitate the author and users of the software to focus on resource setup to match the 
resource configuration to the objectives of the code. 


10.8 Adjust the code that you used during this chapter to flash an LED when the switch 
was pressed so that two LEDs flash but alternately (when one LED js on, the other is 
off and vice versa). 


Answer: 
bs£ PORTC, 4 ;one LED on pin 4 
bef PORTC, 3 ;one LED on pin 3 
Tain 
btisc PORTA, 4 ;check 1f button pressed (0) 
goto main iif @ then skip this goto 
moviw b’ 00011000" jmask 3, 4 
xorwet PORTC ;flash LED 
call waitlsec jwailt for 1 second 
goto main ;do it again 
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bsf 
bef 
main 
btfiss 
goto 
moviw 
xorwt 
call 
goto 


bsf 
bef 
bef 
main 
btfsc 
goto 
mov lw 
movwt 
call 
movlw 
movwe 
call 
mov lw 
movwEt 
goto 


10.9 Adjust the same code so that the LED is flashing when the switch is open and stops 
flashing when the switch is closed. 


Answer: 
PORTC, 4 
PORTC, 3 


PORTA, 4 
main 

b‘ 00011000" 
PORTC 
waitlsec 
main 


;one LED on pin 4 
jone LED on pin 3 


jcheck if button open (1) 
;if 6 then skip this goto 
;mask 3, 4 

:flash LED 

;wait for 1 second 

;do it again 


10.10 Adjust the same code to make a stop light simulation. In this simulation, the red 
LED is on until the switch is pressed. Then like the operation of a stop light, there is a 
pause, then the red light goes ont and the green LED comes on for a short period. After 
the green period, the yellow LED comes on, the green goes out for a short period. 
Finally, the red LED is tumed on and the yellow is turned off and the program awaits 
for the next switch press (the car). 


Answer: 

PORTC, 4 
PORTC, 3 
PORTC, 5 


PORTA, 4 
main 
b/00100000' 
PORTC 
walt5sec 

b’ 00001000' 
PORTC 
waitlsec 

b’ 00010000" 
PORTC 

main 


;red LED on pin 4 
;yellow LED on pin 3 
;green LED on pin 5 


;check if button pressed (0) 
;if 0 then skip this goto 
jgreen on others off 


jgreen for 5 seconds 
;yellow on others off 


;yellow for 1 second 
;red on others off 


;Go it again 


Answers’ 8B-11 


Chapter 11 — Analog to Digital 

11.1 The ADC resources of the PIC16F676 share common input circuitry. What 
considerations must be taken because of this common circuitry? 

Answer: The ADC resources share common input circuitry which includes the capacitor 
that is charged to sample and hold the input voltage to the ADC. If you are going to 
use multiple ADCs, you need to consider this. There must be enough time between 
ADC samples to switch the ADC channels, and then allow enough ume for the new 
voltage to stabilize on the capacitor before the ADC reading is attempted. 


41.2 Which register and bit are used by the PIC16F676 hardware to signal that the 
conversion is still in progress? 
Answer: ADCONO, GO/DONE 


11.3 Which register and bit can be used to disable the ADC circuits (this also would 


reduce chip power consumption)? 
Answer: ADCONO, ADON 


11.4 Can you read both the ADRESH and ADRESL registers while operating in memory 


Bank 0? 

Auswer: No, ADRESH is in Bank 0, ADRESL is in Bank 1. 

11.5 Is bank switching required in this code snippet? Explain your answer. 
BANKSEL Bankl 


moviw ADRESL 
BANKSEL Bank® 
movwt 1_byte 


Answer: No, but it is a good idea to do so. The |_byte variable location would be in the 
general purpose registers between 0x20 and OxSf in Bank 0. However, the general 
purpose registers are cross accessed to Bank 1 between Oxao and Oxdf, so you should 
be able to access |_byte from either bank. 


11.6 What could you do if you wanted to reduce the noise present on the LSB of the ADC 
output by changing the ADC output from 10-bits to 8-bits? Wiite a short code segment 
to efficiently accomplish this change. (Hint: look at left justifying the ADC data.) 


Answer: 
bef ADCONO, ADFM jleft justify the ADC result 
moviw BRDRESH ;put upper 8-bits into w-register 
movwet 1_byte jput the upper 8-bits into the low working 


;register 
Simply using the left jusnfy of the ADC output wuncates the lower 2 bits of the 10-bit 
ADC output and this reduces any noise that will show up in the lowest bits of the ADC 


output. 


11.7 What would happen to the contents of the ADRESH and ADRESL registers if you 
clear the ADCON®O, GO bit before the ADC conversion is completed? 

Answer: The ADRESH and ADRESL registers will not be updated and will contain the 
previous ADC result if the ADC conversion is aborted before it is completed. 
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Chapter 12 — Comparator 


12.1 What comparator mode configures the comparator to consume the lowest power? 
Answer: Comparator Off mode, CMCON, CM2:CM0 b’ 111’. 


12.2 Which comparator mode connects the C,, and C,., comparator inputs to RAO and 
RAJ and does not connect the C,,,,, bit to RA2? Does the use of this mode create a 
conflict if your application does not even use the comparator circuit? 

Answer: Comparator without output, CMCON, CM2:CMO b’010". Not really. This mode 
may only conflict if RAO and RAT are digital outputs, but the /C pins in this mode 
would automatically disconnect analog inputs anyway. It would be good practice to 
configure resources you are going to use. 


12,3 What is the value of the internal reference voltage applied to comparator input 
Cy, in the mode dictated by CM2:CMO loaded with b’011” and VREN loaded with 
b’10001011'? 

Answer: If V,=5 V. Vref is internal and in the high range. VR3:VRO = b’1011’=11 

Use: 


Ve Vad oo 


x V,, = 2.989 volts 
4 32 “a 


Answers B-13 


Chapter 13 — Interrupts 


B-14 


Appendix B 


13.1 What would happen if an interrupt “flag” is not reset before the interrupt service 
subroutine returns control back to the main program? 
Answer: The interrupt would be generated immediately after the interrupts are enabled. 


13.2 Describe the difference between globally enabling interrupts (SETTING the 
INTCON, GIE bit) and enabling a specific interrupt, for instance TMRO (SETTING 
the INTCON, TOIE bit). 

Answer: Enabling specific interrupts simply puts those interrupts in stand-by mode ready 
io go. Globally enabling interrupts gives all those specifically enabled interrupts the go 
signal. You can turn on and off all enabled interrupts with GIE. You can turn on and 
off specific interrupts by manipulating the specific interrupt enable bit. 


13.3 Does an interrupt have to be enabled for the associated interrupt flag to be SET by 
the interrupt condition? 

Answer: No, the interrupt flags operate independently of the enable status of the 
interrupt. 


13.4 What is the depth (number of bytes) of the Stack? What precautions must be 
considered when working with the Stack? 

Answer: The Stack is only 8 layers deep. If nested calls to subroutines or nested 
interrupts occur that cause more than 8 PC pushes onto the Stack, each subsequent 
push will cause a PC to fall out the bottom of the Stack. When returns try to retrieve 
those lost PC values, the program will crash. 


13.5 What precautions must be considered when using interrupts and other subroutine 
calls that deal with the W-register and the STATUS register? 

Answer: The W-register is used frequently in the program. The STATUS register is 
frequently modified by opcode execution. If the calling program is interrupted while 
manipulating the w-register or STATUS register, if your interrupt service routine also 
affects these two registers, the ortginal register contents will be lost with probably 
catastrophic effect upon the return to the calling program. Temporarily storing the 
w-register and STATUS register values at the beginning of the interrupt service routine 
and restoring those values before returning from the subroutine will prevent problems. 


13.6 How can “break points” be used in program debugging? 

Answer: Break points at strategic locations in the program will stop a program simulation 
so that you can view the contents of various registers and noite the elapsed time of 
execution using the Stopwatch window. 


Chapter 14 — Timer 0 and Timer 1 Resources 


14.1 At what rate (in instruction cycles) does the TMRO register increment when there 
is no pre-scaler assigned to the resource. Aliernatively, at what rate does the TMR1 
register increment when a pre-scaler ratio of 0:0 is assigned? 

Answer: Both TMRO and TMR1 increment every instruction cycle. 


14.2 What command begins the incrementing of the TMRO register? When does the 
TMR1 register begin to increment? 

Answer: TMRO begins to increment its register when the OPTION_REG register is 
loaded. TMR | begins to increment its registers when the TLCON, TMRION bit is 
SET. 


14.3 Do the timer resources operate even if their interrupt function is not enabled? 
Answer: Yes 


14.4 Can you monitor the progress of the timer resources between interrupts? If so, how? 
Answer: Yes, you can check the status of the interrupt flags and you also can access the 
resource registers TMRO, TMRIL, and TMR1!H values anytime in code. 


14.5 Why is it important to CLEAR the associated interrupt flag in the interrupt service 
subroutine before returning control back to the main program? 

Answer: If the interrupt flag is not CLEARED, then an immediate interrupt will be 
generated as soon as the interrupts are enabled. 


14.6 In the programming exercises in this chapter, the interrupt service subroutines did 
not contain code designed to temporarily store the w-register and STATUS register 
contents while servicing the interrupt and then reload the pre-interrupt values into 
these registers when returning to the main program as was recommended in the 
chapter on interrupts. Why was this not a problem during the execution of the exercise 
programs? Amend the exercise cade to take these precautions. 

Answer: There were no subroutine calls from the main program so there was no danger 
of nested subroutine calls. Only one interrupt was allowed at a time in the exercise 
code so there was no danger of nested interrupts. The following snippet of cade would 
temporarily store the w-register and STATUS register contents and then retrieve the 
data prior to the return opcode. 


movwt w_temp ;copy contents cf w reg into a temp register 

swap STATUS , w ;swap the nibbles of STATUS and place into 
;the w register, these nibbles will be swapped 
;back when the STATUS register is recovered 
;at the end of the interrupt service routine 


BANKSEL Banko ;forces a return to Bank 0 regardless of bank 
;when interrupt occurred 

movwE status_temp ;put the swapped old STATUS reg value in a temp 

swapf status temp,w ;swap the nibbles in status temp and put result 

in jw_register 

movwt STATUS ;STATUS now returned to pre-interrupt value 

swapt w_temp,f ;take the old value of w reg and swap nibbles 

swapf w_temp,w ;swap nibbles again and place into w_reg, w reg 
;now returned to pre-interrupt value 

retfie ;this command also sets GIE to enable global 
jinterrupts 
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14.7 You can very accurately determine the interrupt time interval due to program code 
execution. What factor other than code determines the actual intermupt time interval? 
How might you measure the actual interrupt Ome interval? 

Answer: The accuracy of the MCU clock source contributes to the accuracy of interrupt 
and other delay time intervals. The clock accuracy depends on the device, voltage, 
temperature, and other environmental factors. You can use an oscilloscope ted to an 
V/O pin that is toggled at the edges of the interrupt to measure the time interval of the 
interrupt. 


14.8 Thinking in general terms of the resources available in the PIC16F676, how would 
you configure the resources to build a basic frequency counter? 

Answer: The TMR1 resource would be configured as a counter, the TMRO resource 
would be configured to interrupt at a specific time interval, for instance 500 mseconds. 
The program would start TMRO and TMRI simultaneously. At the expiration of the 
TMRO interval, the number of counts in the TMR1H and TMR1L registers would be | 
sampled, then the number doubled, to calculate the frequency in Hertz. 


Chapter 15 — Asynchronous Serial Communication 


15.1 In looking at the bitdelay subroutine in the example code, what value would be 
loaded into the count variable to produce a delay appropriate for 2400 baud serial 
cormmumications? 

Answer: Approximately 130, though the actual value would have to be determined by 
use of the simulator to compensate for code overhead. 


15.2 What code adjustments are required if the data stream was increased from 8-bits to 
16-bits? What else must be considered if there is a significant increase in the number 
of data bits that are transmitted at one time (hint: think about the bit time interval 
produced by the delay routines and the code overhead contribution to the delay)? 

Answer: The bitcounter variable would have to start at 16. You would need to check to 
see if the lengthened character would cause enough delay in the bit delay time interval 
to prevent sampling the bit state in approximately the middle of the bit 


15.3 The MPLAB Simulator can be used to predict the length of a delay produced 
by code. What other factor also contributes to these timing delays? How can you 
determine the actual timing of a serial data stream? 

Answer: The accuracy of the system clock also affects the length of program delays. 
Using an oscilloscope connected to the data line can allow you to measure the length 
of the bit delay. 


15.4 What is(are) the ASCII code(s) required to send the number 127 to the LCD? 
Answer: “1” in ASCII = 49, “27 in ASCH = 50, “7” in ASCII = 55. Three values that 
represent the ASCT] characters would have to be sent, 49, 50, and 55. 


15.5 What is the code that you would send to the LCD to clear the display and move the 
cursor to the upper left comer? 

Answer: Ox0c to clear the display, 0x80 to move the cursor to the upper left comer, 

line-O. 


15.6 What adjustment to the exercise code would be required if the LCD used data sent 
with the MSB sent first? 
Answer: You would use the rlf opcode versus rrf. 


15.7 In the previous chapter on Interrupts, the temporary storage of the contents of the 
w-register and the STATUS registers was emphasized. Why would that strategy be 
important if the timer interrupt resources are used to generate the bit interval delays? 

Answer: Because the w-register and STATUS register are used extensively while sending 
data to the externa] device. If the interrupt occurred in midstream, the critical values in 
those registers in all likelihood would be lost or corrupted. 
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movwE 
moviw 
movwe 
bef 
call 
nextbit 
bef 
btfse 
bs£ 
call 
decfsz 
gato 
bsf 
cali 
return 


Appendix B 


15.8 In the program exercise, the individual bit being sent was rotated through the carry 
bit that is included in the STATUS register. What code alternative might be used to 
determine the state of the bit to be transmitted? 

Answer: Though not particularly efficient, the oprand argument for the bit to be checked 
could be a vartable. Then you could use a loop to increment the bit variable to be 


checked. 
byte to send 
.8 
bitcounter 
PORTA, 5 
bitdelay 


PORTA, 5 

byte to send, bitcounter 
PORTA, 5 

bitdelay 

bitcounter,f 

nextbit 

PORTA, 5 

delaySmS 


jset up to send 8 bits 
;send start bit 


;sends MSB first 


;set to high for resting state 


Chapter 16 — Serial Peripheral Interface Communication 


16.1 List the advantages and disadvantages of each serial communication technique 
(Asymmetrical and SPT). 

Answer: Asymmetrical advantage: one data line required; disadvantages: timing 
is critical, relatively slow. SP] advantages: relatively fast, uming not critical; 
disadvantage: multiple lines needed. 


16.2 If one SPI device needs a CLEAR CS line and another SPI device needs a SET CS 
line to operate, can these two devices share all three signal lines (CS, SCK, and STI)? 
Answer: Yes. 


16.3 Lf the wiper resistance in the MCP41010 is specified to be 52 ©, what resistance 
would you expect when you command the wiper position to b*Q0000000"? 
Answer: 52 0. 


16.4 What line(s) of code would need to be changed if the attached SPI device required 
commands sent in LSB first format? 
Answer: 
rrt data_to_send,f ;rotate command right into carry 


16.5 For the sake of code clarity, you decide that you would like to treat the command 
byte and the data byte as a single 16-bit variable with the labels dataH and dataL. 
To do so, write an amended SPI subroutine that would send all the data bits in one 
subroutine instead of two passes through one subroutine as was done in this exercise 
(once to send the command byte and then again to send the data byte). Hint: look 
to see how this was done in the b2_BCD subroutine (binary to BCD conversion 
subroutine), loop16 loop. 


Answer: 
movwft dataH jnew variables declared and loaded with data 
movwt dataL 
spi 
movlw .16 reset bit counter for 16 bits 
movwEt bitcounter 
trans loop 
bef PORTC, SI ;assume 0 bit 
rif dataL, f ixlf low byte through carry 
rlt dataH, £ jylf high byte accept bit from carry 
btfise STATUS, C ;l£ carry is high, set bit high/else skip 
bsf PORTC,SI 
bsf PORTC, SCK ;clock in the bit 
bof PORTC, SCK 
decisz bitcounter,f ;check if 16 bits sent, if not, go back 
goto trans_loop 
return 


Answers B-19 


Chapter 17 — Working With Data 


17.1 Explain how you could multiplex four 7-segment display units to display all digits 
at one time. Draw a circuit diagram for the required circuit. Can this be accomplished 


with the PICL6F676 device? 


7805 ARRLOS47 


9£949L9ld 


All Resistors 
4700 


Common 
Cathode 
LED 


All Resistors 
4709 


Figure Question 17-1 — 7-Segment Display 


Answer: Use switching transistors on each common cathode line to turn on the digit and 
then move on to the next digit. [f you do this fast enough, the viewer will not be able to 
detect that the digits are really only on one at a time. The PIC 16F676 has enough /O 
lines to handle two more switching transistors. 
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Chapter 18 — Putting It All Together 


18.1 How can you customize the keyer project to include a start-up sequence of Morse 
code characters, for instance to send “HF” or send your ham radio call sign? Consider 
if you want this start-up sequence to be transmitted over the air waves or not. 

Answer: Use a data table with the text that you would like to send and call a routine to 
get each character to send in turn. This may require building a character table for each 
letter in the alphabet made up of the dits and dahs that make up the character. If you do 
not want this start-up message sent over the air, simply do not key the transmitter. 


18.2 Develop circuit and software changes to automatically send common Morse code 
sequences like sending CQ calls. 

Answer: Build on the program adjustments above. Add a push button switch that is 
polled in the program. When this button is pressed, a jump to a subroutine sends the 
desired message. 


18,3 Develop circuit and software changes to add a power-on LED to the project. 

Answer: Connect an LED io an unused I/O pin that is programmed as a digital output 
pin. The SET this bit early in the program, probably in the Initialization section of the 
code, 


18.4 Develop software changes that will increase or decrease the amount of time the PIT 
line is held closed after the last Morse character is sent. 

Answer: Look at the delay loop created using the TMR1 resource and adjust the starting 
register values to achieve the desired delay. 
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Introduction 


Use the following steps to install the components into the keyer project circuit board. The 
components are the same ones that you used while performing the exercises in the text. The 
components are mounted flush against the board surface unless indicated in the individual 
steps (for the voltage regulator and the two transistors). All the components are mounted 
from the silkscreen side of the board (the side with the 
components outlines and lettering) except the battery 
holder, which is installed last and is installed from the 
back side (foil side) of the board. 

When soldering, remember that more solder is not 
necessarily better. Use just enough solder to 
make a good mechanical and electrical connection. 
Use care to double-check that the proper components 
are being installed and with the correct orientation. 
The board is a high quality, plated through hale 
construction, which makes for a professional and 
durable project, but the plated through holes are not 
very forgiving for de-soldering and reinstalling mis- 
placed components. 


Step 1 

Orient your circuit board as indicated in Figure 
C-1. Find the four 470 resistors (yellow, violet, 
brown) and install them at the indicated locations. 
Bend the leads at 90°, close to the resistor body, put the 
leads through the appropriate circuit board holes and 
press the resistor bodies flush with the circuit board 
surface, Resistors can be installed in either direction. 
On the foil side of the board, bend the leads outward 
slightly to hold the resistors in place while soldering. 
Solder each of the leads and then clip the excess leads 
as Close to the circuit board surface as practicable. 
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Figure C-1 


Step 2 
Locate the two IN@14 diodes (similar in appearance to the resistors but having a 

glass body). Note that one end of the diode has a band. The unbanded end is the anode 
(goes toward the positive current), the banded end is the cathode (goes toward the negative 
current). Locate the diode component outlines on the circuit board, D1 and D2. Note that 
the component outlines have banded ends also — this is to assist you in installing the diodes 
with the proper onentation. As with the resistors, bend the diode leads at 90°, close to the 
component body and install the diodes in the indicated locations, pay particular attention to 
the banded ends. See Figure C-2. 


Step 3 


a. The 7805 voltage regulator looks just like the 2N3904 transistors and it is easy to 
confuse the parts. Locate the 7805 voltage regulator and double-check that you in fact have 
the voltage regulator by making sure it ts marked with the numbers 7805 (there may be 
some additional lettering on the specific component, but it definitely will have the nurnbers 
7805. The transistors will not have those numbers). Note that the regulator has a flat surface 
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Figure C-2 


Step 4 
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Figure C-3 


opposite a round surface and three wire leads. Locate the 7805 regulator outline on the 
circuit board. Note that the component outline also has a flat and round outline to help you 
correctly orient the regulator. Bend the leads slightly so that they fit in the holes in the circuit 
board. Push the regulator down toward the board surface until there is approximately 44 inch 
distance between the regulator body and the circuit board surface. Do not attempt to push 
the component body down so that it 1s flush with the board surface or you might damage the 
component Slightly bend the outer leads of the regulator to hold the component in place and 
solder and clip the three leads. 

b, Locate the capacitor. It is marked with 103 on the side of the component. This 
capacitor can be installed in either direction. Locate the component outline on the circuit 
board and install the capacitor with the bottom of the component flush with the circutt board 
surface. Solder and clip the excess leads. See Figure C-3. 


Locate the 14-pin IC socket. Note that one end of the socket has a half-moon notch in it. 
Locate the IC socket component outline on the circuit board and note that it also has a half- 
moon notch in the outline. Install the IC socket so that the notches are lined up. Hold the IC 
socket in place while you solder only one socket lead on the bottom of the board. Inspect the 
IC socket installation and ensure that the socket body ts flush against the board surface. If 
necessary re-melt the soldered pin and re-seat the IC socket. Once you are satisfied that the 
socket is flush against the circuit board surface, solder the remaining 13 pins. Do not solder 
the PIC16F676 in this location; this would make it impossible for you to program or re- 
program the device later. See Figure C-4. 
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Step 5 


a. Locate the two 2N3904 transistors and note that 
they have flat surfaces just like the regulator did. Also 
confirm that you have the transistors by ensuring that 
the components have the 2N3904 identification labels. 
Locate the transistor outlines on the circuit board, and 
— while matching the flat side of the transistor with 
the flat side of the component outline — install the (wo 
transistors. Push the transistors down toward the circuit 
board surface until you have approximately 14 inch 
clearance between the component body and the circuit 
board surface as you did with the voltage regulator. 
Solder and clip the excess leads. 

b. Locate the two light emitting diodes (LEDs), 
one will be red, and one will be green. Note that one 
of the LED leads is longer than the other. The longer 
lead is the anode; the shorter is the cathode lead. Also 
note that there is a flat spot on the rim of the LED lens. 
The flat spot corresponds with the short, or cathode, 
lead of the LED. Find the LED component outlines on 
the circuit board and note that each LED component 
outline has a flat side also. When installing the LEDs, 
make sure the short lead, and the flat side of the LED 
body, are lined up with the component outline (the 
short lead goes in the hole with the square pad). You'll 
have to make a decision as to which LED color you 
want to indicate keying the transmutter and which LED 
color you want to indicate the Push to Talk (PTT) I 
used red for keying and green for PTT. The keying 
LED is adjacent to the words “dit-dah” on the board; 
the PTT LED is adjacent to the words “KEY-PTT” on 
the board. Install the LEDs with the component bedies 
flush against the circuit board surface. Solder and clip 
the excess leads. See Figure C-5. 


Step 6 


a. Locate the speaker and the speaker location on 
the circutt board. Uf the speaker has the polarity marked 
on the component, take note of the positive (+) lead 
of the speaker. Insert the speaker into the appropriate 
holes and hold the speaker flush against the circuit 
board surface while soldering in place. 

b. Locate the slide switch and the switch 
component outline on the circuit board. Hold the switch 
in place while you solder only one lead of the switch. 
Inspect the switch installation and make sure the switch 
body is flush with the circuit board surface. Melt and 
Te-solder the pin until you are satisfied with the switch 
installation and then solder the remaining two pins. 

c. Locate the two connectors and the connector 
component outline. Using the same technique as used 


to install the switch, install the two connectors. 

ARBLOS39 d. Locate the two variable resistors and the variable 
resistor outlines on the circuit board. Install these 
resistors one at a time, they are identical resistors. Install 
the resistors with the adjustment shaft facing outward 
from the circuit board. Mechanically, sltghtly bend the 
tabs on the resistor body just enough to hold the resistor 
body flush against the circuit board surface. You may 
have to hold the resistor bedy flush with your finger 
while you solder one resistor lead only (not the body tabs 
just yet). Inspect the resistor installation and melt and re- 
solder the component as necessary to get the component 
body flush against the circuit board surface. Solder the 
two remaining resistor leads; then solder the tabs of the 
resistor body. You don’t need to fu] the holes around the 
tabs with solder, just apply enough solder to make a good 
mechanical connection between the tab and the circuit 
board ground plane (the solder pad). In a similar manner, 
install the second variable resistor, See Figure C-6. 


Step 7 


You are almost completed with the board. Find the 
9 ¥V battery clip, the nylon washers, and the two screws 
and nuts. The battery clip is installed on the bottom of the 
circuit board and the two battery clip leads are soldered 
from the top side of the board. The battery clip installation 
wil] take a little mechanical dexterity to get everything 
in place before you solder. Install the two screws into the 
mounting holes of the battery clip. Put a piece of tape 
over each screw head to hold the screws in place. Place 
two nylon washers over each screw on the bottom side of 
the battery clip. Now tnsert the screws through the two 
mounting holds of the circuit board from the back stde 
of the board (solder side). Line up the battery clip leads 
with the two holes in the board and with all four holes, 
two screws, and two leads lined up, install the battery 
clip. Put the nuts on the screws from the component side 
of the board and tighten things down snugly (but not so 
snug as to crack the circuit board or battery clip). Once 
you are satisfied that the battery clip is installed with 
good mechanical integrity, solder the two leads from the 
component side and clip off the excess leads. 

Once you have loaded the keyer program into the 
PICI6F676, you can install the device in the IC socket 
(making sure the notch on the IC matches the notch on 
the IC socket). Wire up the companion sockets to your 
paddle and transmitter connectors. Install the battery, 
tum on the board, and fire it up...you’re ready to go, 
Congratulations. 
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File Contents 


D-2 


LIST 


; Pl6F676.INC Standard Header File, Version 1.00 


NOLIST 


Microchip Technology, Inc. 


; This header file defines configurations, registers, and other useful bits of 


j; information for the PIC16F676 microcontroller. 


; the data sheets as closely as possible. 


These names are taken to match 


; Note that the processor must be selected before this file is 
; included. The processor may be selected the following ways: 


; 1. Command line switch: 
C:\ MPASM MYFILE.ASM /PIC16F676 
: 2. LIST directive in the source file 

} LIST P=PICi6F676 
; 3. Processor Type entry in the MPASM full-screen interface 


71.00 05/13/02 Original 


IFNDEF __16F676 


MESSG “Processor-header file mismatch. Verify selected 


processor.” 
ENDIF 

W 

F 


PCL 
STATUS 
FSR 
PORTA 


PORTC 
PCLATH 
INTCON 
PIR1 


TMRIL 


Appendix D 


H’O000’ 
H’ 0001’ 


H'0000° 
H' 0001 
H’ 0002‘ 
H’ 0003° 
H'o004‘ 
H’ 0005° 


H’ 0007" 
H’ 0G0A’ 
H’ OOOB’ 
H’OGOC’ 


H’ OGOB’ 


TMR1H 
TLCON 


CMCON 


ADRESH 
ADCONO 


OPTION REG 


TRISA 
TRISC 


PIEL 


PCON 


OSCCAL 
ANSEL 


WPU 
WPUA 
roc 
IOCA 


VRCON 
EEDATA 
EEDAT 
EEBADR 
EECON1 
EECON2 
ADRESL 
ADCON1 


EQU 
EQU 


EQU 
EOD 


EQU 


EOU 


H’ OOOF’ 
H’0010° 


H’oo019° 


H'QO1E’ 
H’ OO1F’ 


H’ 0081’ 


H’ 0085!" 
H’ 0087" 


WH‘ 90sec’ 


H’ 008K’ 


H’ 0090’ 
H’ 0991" 


H’ 0095" 
H‘0Q95’ 
H‘0096° 
H’0096° 


H’0099° 
H’ OO9A‘ 
H’ 009A’ 
H’0Q9B' 
H’009C' 
H‘og9D' 
H’ OO9E" 
H’ OO9F’ 


H’ 0007’ 
H’ Q006° 
H‘ 0005" 
H’ 0004" 
H’0003° 
H’0002° 
H’ooQg1’ 
H’0000° 


H’ 0007" 
H’ 0006" 
H’ 0005" 
H'0004" 
H’ 0003" 
H’ 0002! 
H’ 0001’ 
H' 0000" 
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BRIF EQU H’ 0007! 
ADIF EQU H‘ 0006" 

CMIF EQU H’?0003' 

TLIF EQU H’ 0000" 

TMRLIF EQU H'0000" 

peeene TICON Bits --------------------------------------------------------- 
TMRIGE EQU H’ 0006" 

TICKPS1 EQU H' 0005" 

TLCKPSO FOU H' 0004! 

TLOSCEN EQU H'0003° 

NOT_T1SYNC EQU H’ 0002" 

TMRICS EQU H’ 0001" 

TMRLON EOU H‘ocoo’ 

poets COMCON Bits -------------------------------------------------------- 
cout EQU H' 0006’ 

CINV EQU H'0004' 

crs EQU H'0003° 

cM2 EGU H' 0002' 

CM1 OU H'ooOi' 

cMO EQU H'OO00" . 

peocee ADCONO Bits --~~--------------------------------------------+--------- 
ADEM EOU H’ 9007! 

VCFG EQU H’ 9006" 

CHS2 EQU H’ 0004: 

CHS? EQU H'0003' 

CHSO EQU H'0002° 

GO EQU H'ooo1° 

NOT_DONE EQU H'9001' 

GO_DONE FOU H'oool' 

ADON EOU H'9000° 

jococee OPTION Bits ---~---------------------------------------------------- 
NOT_GPPU EQU H'9007° 

NOT_RAPU EOQU H' 0007" 

INTEDG EQU H’ 0006! 

TOCS EQU H' 0005! 

TOSE EOU EH’ ogo4! 

PSA EQU #0003" 

PS2 EOU H‘o0g2! 

PS1 EQU H'oodl? 

PSO EQU Hagao’ 

peoocce PIF1 Bits ----------------------------------~--------- +--+ 22 -------- 
ERIE EQU H' ao?! 

ADIE EQU H’ 0006! 

CMIE EQU H'0003' 

T1IE EQU H‘O000Q' 

TMRLIE EQU H' OOO" 

pocece PCON Bits --------------------+------------- +--+ = 02 oe ee eee 
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NOT_POR EQU BH’ 0001" 


NOT_BOD EQU H'0000' 
pusete OGCCAL, Bite: seecscuscseeeeuocewasucdes 
CALS EQU H'0007° 
CAL EQU H'0006' 
CAL3 EQU H’'0005° 
CAL2 EQU H'0004' 
CALI EQU i 0003' 
CALO EQU H'0002' 
pieeee ANSEL Bits ----ss+-+-----s-+-+46-+2-- 25 
ANS? EQU H‘ 0007? 
ANS6 EQU H'0006' 
ANSS EQU H'0005° 
ANS4 EQU H' 0004 
ANS3 EQU H'0003° 
ANS2 EQU H'0002° 
ANS1 EQU H‘0001' 
ANSO EOU H'0000° 
peoews WRCOW Bits <+¢--Sesseetss ese dene ts 
VREN EQU H’ 0007! 
VRR EOQU H’ 9005" 
VR3 EQU H' 0003! 
VR2 EQU H'0002' 
VR1 EQU H’ OoOL’ 
VRO EQU H'0000° 
Meee BECONT BILE ooscescasnteoseaerosseeese: 
WRERR EQU H’ 0003" 
WREN EQU H' 0002? 
WR EQU H’ O01’ 
RD EOU H'0000° 
presse RCO Bite Senseo eee eaeeeyanndeeee 
ADCS2 EQU H’0006' 
ADCS1 EQU H’ 0005 
ADCSO EOU H'0004' 


MAXRAM H' FF’ 


__BADRAM H’'06’, H’08'-H’09', H’OD’, H*'11’-H’'18’, H’1A’-H’1D’, H'60'-H’' 7F? 
__BADRAM H'86', H'88'-H’'89', H'8D’, H'SF’, H'92'-H'94', H’97'-H’'98", H'ROQ’-H'FF’ 


; Configuration Bits 


PIC 16F676 Include File Contents 


D-5 


CPD EQU H’ 3EFF' 


_CPD_OFF EQU H! 3FFF’ 
_cP EQU H'3PIF! 
_CP_OFF EQU H! 3PFF’ 
_ BODEN FOU H! 3FFP’ 
_BODEN_OFF EQU H'3FBF’ 
_MCLRE_ON EQU H3PFF’ 
_MCLRE_OFF EQU H! 3FDF’ 
_PWRTE OFF EQU H’ 3FFP’ 
_PWRTE ON EQU H! 3FEEB’ 
_WDT_ON EQU H! 3PFF! 
_WDT_OFF ROU H'3PF7! 
_LP OSC EQU H! 3FF8’ 
_XT_OSC EQU H! 3FF9’ 
_HS OSC EQU H! 3FFA’ 
_EC_OSC EQU H’ 3FFB’ 
_INTRC OSC_NOCLKOUT EQU H! 3FFC’ 
CINTRC_OSC_CLKOUT EQU EH‘ 3FFD’ 
_EXTRC_OSC_NOCLKOUT EQU H! 3FFE’ 
_EXTRC_OSC_CLKOUT EQU H! 3FFF* 
LIST 
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“)? (Semi-colon) use in comment lines:......... 4-2, 6-6 
F761 1 ee 4-4, 7-19 
CAC (ee 7-18, 8-3 
$ (assembler reference): .....ccccecessescessseeeseesseseseens 9-7 
“GO a ceeeccecstessescenescasassanesossessavsevasssaeecasressssassaseesees 4-3 
ASIN FUE! eecccceccceeessseserseetees 3-4, 5-5, 5-8, 11-16, 17-4 
ASTI WITOW? oo. .ecccecccsscecssceeseesseeescsaaeeesseseesenseeesias 4-3 
eX FIC L es eeceececcecseeecsceeeseeeeeesseeeesssaeecseeeeeecsseeesas 5-5 
EOC FULG@T occ ceseesecsesseseessecsseeaeseeneeacs 4-3, 5-8, 6-3 
jDelay rOUTINES: eee cneeeeseesetneesaeneccraceaes 4-7 
sInterrrupt service routine: .......00.. ce cceeeseeeeee 4-7 
__CP - Code protection bit O07 oo... eeeeree §-4 
__CP_OFF- Code protection Off: cee 8-4 
_COMPIG: ooo. eeeeeeeeeeeeeeeeeeeneeecseeseeeendeanesennesadeeceeseeees 8-3 
Config directives... eee ce ee eect eereeeenteeeee 8-7 
04010 ere 4-4, 6-2, 14-11, 14-16 
0). 5 0 cee 6-3 
VO-bit ADC: oo. ccceeecseeecseeeeteeenes 11-2, 18-8 
16-bit 
COUNWOT! cece ccccecccecccceeceesenseeesneessceseetesseeeearensues 9-7 
POS ISLET. eee eee cece ee eee cent eeeeeneae 14-2, 14-15 
7-Segment LED 
Gisplays: es cesses ssereesreeseeerereenesereeenenenas 17-2ff 
Truth Table: .....ccccecscssseseeessesessssseeeesssessrees 17-2ff 
7805 voltage regulator: ..0. ee eee eee tence 3-6 
8-bit 
COUMECL oe. ceccceeceeeececceeeeesceeeceenacecesseeesaseceeeeeses 9-7 
COVICC! ooo eececcecccceeccteceeeeecneeeeecseceteneceeepecenpees 2-2 
WOPKING TEQISTOL! oo. ee eect cee ceeeeeeeeteeees 14-2 
9-volt battery holders... eee ceeneeeeceeeeeeerees 3-6 
A 
ACTIONS 0.0.0... cccc ccc ccecceeeceeeeeeseneeeseseesesesenessanpecees 13-12 
ADC? oo cecccc cece ceseereneees 2-6, 6-2, 6-7, 8-4, 8-5, 8-8, 
[1-3, 13-2, 14-15, 14-16, 18-5 
ASTID FILGS oo. cece ecetnneeeceneeeesneecccesresescaaeeusaees 11-6 
ACCULACY 1 oes e eee eee eee seceeeeseenescateseneseeeeenesen 11-2 
BIOCKS! oo. ceeecceeccnsseecnneeceneetseretteaeenenesseneesseenes 2-5 
VIPUL eee eececeecsseeeesseeaeeetsestessaeereepentssnesseeras 2-3 
JUSUUFICATIONS «oe eects sseeeeseseteseesesnerserenseees 11-3 
limitations 
TUM eee eececeeseesseeeeeeeeeceenesesnereeseeseseeeees 11-2 
Output data eee eecceesentenceetcesnersees 11-3 
| 8) C0)4 6: | eee 11-5 
TOSOVUCLONL ...02....eeeeeeeeceeeeceeceeessneeeeessneneseeseeessns 11-2 
Resources 
LO CODFIQUIC!.... eee eecsseeessenesseneceessereneersnes 11-4 
TESOUICES! oo... eeeceensceeensneeeeeeseeteteeer psec receeneerens 8-7 
SOUUP.  eeeeceeeeeecseecseeeeseveesueeeseeveneeserseeevnepeneens 11-3 
VALUCL oe eeieeccececceeenseeeeseneeeseeesseercnesersateersnsaeees 11-8 
ADD SER2 oc cccceeceeseeernerenscsessaeesneconseseesanecars 13-12 


ADD SYMBOL: 000... eeeecceeceeeereuseesasasneneereeneneee 9-4 
ADRESH?( 00... ceecsecsseessteeeseesreesanes 11-3, 11-6, 14-16 
AUTOS? oo. ccccecesseeeesencsanecesseresseesssesersnssasanatsnsansseesees 7-3 
ANS oe ccceececceecceceeeseceaeeesceneesceassceesseasensenatsneensaenenaes 2-6 
Analog 
CHCUIL(S): co cceceececessececseceesrensseesseversevansessesseeseenes 1-2 
COMPALator? ooo... see eee eee eee cere eeeeerteeeneeres 2-2 
TTUPU EL eect ccteecaee cee eeaeecaseeeseeneseneneaeeesentees 10-2 
UDPUE PINS! oo. eee eeeeeteeeeereene rene tereeeeeenaeeeed 6-7, 8-5 
SOULCEOS! ...eccescccsseececceccceccuaccesnersnaerenseeneereeseenetes 2-2 
to digital converter (ADC): .........2-2- 2-2, 11-2ff 
analog VOILARES cece etecee nee eceetenteaeeenaiees 10-2 
AND’ €d) oc cccccceecesseesseeceseesessseessseesssaressceesssnessnneess 8-4 
ANSEL Analog Select Register 
(ASR)! oocccccccccececceeceteesecceeeseneeseeeeneees 6-7, 10-2, 12-2 
ANSO:ANS?: ...0.... ccc cee ee cece cee ceee cece eee eeeee sa eeenaeenees 6-7 
APPLICAtON COME: oe eee eeeeceenterereeeeerenereretnerceees 18-4 
ATCHItO CULE: oo. ee cece cceececceseeeseeesepeeeeceeeeeeseeesnseees 4-3 
UNTOPDAL! ooo. ce ceeecseecccesecesececneeessesasceessneecseeneees 6-2 
ASCI 
CODES ieeccsceccccecssenssssseseresersssseesssrsssresssseeseees 15-8 
VALUED eee cceeetesee cea eeceneseeeeeesonecaeeraenesoneseneens 15-7 
ASR (ANSEL Analog Select Register): ......6-7, 12-2 
ASSOMDIGL: 0... ccccceeecceccceeceessecessaneeneesetensetaeeenantetes 7-2 
GUL CCEIVE! ee. seeeeteeee cence seeeeeeseesneetseeeuseeeees 8-2 
GIVECTIVES: ec ceccese cee cseeeseeeeseeeeees 4-3, 7-18 —7-21 
Hdefine: 0... cece eters eceecseceseenetsctesaes 7-19 
FAM UE! ooo ect eete cesses ea ceenasersaneetnees 7-18 
DAaNKSel! oe cece ceeeeeeeeseressecneeesseeeeeeernates 7-20 
(ol 5) (6 (0) Cer cre 7-20 
Get ieciecccseccsseeessseeeseecsseesnesensnessaesesseecees 7-20 
Te ce 7-21 
od 1,6 (Ch cee ree 7-20 
5 ee 7-18 
OU ceseaceeceececeacetececeseeeseateeteneaeeseeateneates 7-19 
WINGOW? oo... ec cccccceeceeeenteeceeceeecensceeeecnaeeeteneeeeensese 4-3 
Assembly 
ae (or 4-2, 5-5 
JANQUALC. ee eee seeeeceecescceeeeenseeeecaeeeseeectensenaees 7-26f 
Assembly Language File: oo... cecccccseeeseesseeees 5-6 
Asterisks, LIm@s Office ccccecccsscccsecseesscneeeserrerserereneas 4-3 
Asynchronous Serial Communication: ............ 15-2 ff 
B 
Bark) oo. ccecccsceneeeececeesceseeeeeesceneeetacens 4-4, 6-2, 6-3 
Barak 1: .....eeeecceceeescceeceeeseeeotereeceeeeseseesseasens 44, 6-2.6-3 
BANKSEL: ooo. ceceeeeececeeeeesereeecenserereeees 4-5, 7-3, 7-20 
Battery Holder: ........c:cecerccececsscecssererstenssceeeeeesreeees 3-6 
Baud Rates: ......ccccsessssceereceeesssreeeceresseeeseceeeeeeeatees 13-3 
CALCULATION! 00... ceseseeseeseeceecernreereseeesseerereeteesees 15-3 
Binary form 


COMMAS U7 o.ccceeeceeeecceee ee ceseeeceeceeeeeceeeeseeeevenes 7-2 


Bimary mumbe ts? .....ccecececseccceeceeecceteetseesseeeneeees 1-3 
binary search algorithm: ........0..2..seceeeeeeeeees 11-2 
Bit 
COMFIQUTALION! .....eceecceeeseceeeeceeeseeseecensecsaeeeaees 4-3 
PUISCS! eee cece cceeceeeeceeeteceeeeetaeeeeecceeeeennaenentens 9-8 
bit 
PALLOTTAS oeeeeee eee ete cee eeeeeseeeeeeeceeaeeteseneeateeeaeents 17-5 
Bit 0x05, or RPO, ooo eceeee cece cence cee eceeenseee sees 6-3 
bit 0x06, INTEDG: 00... ccc eecececsseeeeeececeeeneneeeoees 6-5 
BIT SELECT? «oo... eee ceccceccecree renee saerereeesscaeeseseereres 8-2 
DIUC(S): ce ccececeeessceceeeecseceececeeresaceeeeuceecearsnreseseesserserees 7-2 
ACAD ie eeeeeeceeeseneeceecoeonetsesetsneeeeenseaees 15-2, 15-9 
delay subroutine? ....... cece teeeceeteeeeee reser 16-7 
PATIEY: eee ec cecee eens eneeceaeeeeeeeaeeeeeeneeseeeeaeeneee 15-2 
SEQUENCE OFF... eee ceeeseeeeneeeeeceeseeneetaeeeneenens 16-3 
SALE eee cceeceeceeseeeecteseeeeeeteeeeesececaenartacneneenens 15-2 
STOP veccsetseceestseertererectesteeesescerseceeaeeesseaaneenen [5-2 
bitdelay subroutines... cece cteeeeeeeeteeene 15-6 
Blue bus ConMmint oe. ec eeceeceececeeeeeeseeeeeeeeeeneeees 3-6 
Board Setup? -..0....eeceee ce ceeeeee eee ceeenceseeetseseenaeeeeees 3-6 
Boolean Truth Table for the AND Operation: ...... 7-5 
Boolean Truth Table for the OR Operation: ....... 7-10 
Break pointes): .......:cesceceeeeeeeeereee 3-4, 9-5, 13-13ff 
Breakpointt........eeecceeeceereeeesereeers 14-9, 14-14, 15-5 
Brown-out Detect Enabled: ee 8-4 
BUILD? 0... cece ceteeeeeeeeeeeeeeceeceeceraenersaeeeeeennees 5-5 
DTC eee cece ce ceeceeecenae eee taneeteaaeeeereaaeeeseneeseeeeenerenees 7-2 
Wee eee cece ecceecceeeetateseeceeecaeestsetsaeeeeaesees 14-2 
Lb) Ls Eee 6-4 
bytes 
VOWED. oo ceeeeecececeeeecenreceseeceneensneeseenseseeeeaees 14-15 
UPPer occ cceccsceecceteseseeccecescsecsetecceresseeesees 14-15 
Cc 
CDR cece cee eecece eee ceaeeeeceeteceeeseeeaeeaecaeeseeseeeetenees 6-4 
Calibration value: oo... ccececeseseessereseeeereneers 3-4, 6-6 
CAN ee eeeeeeceeeeeceeeesseeeceeesceeeesceeeeceeceessceaeesenenens 4-5, 4-7 
Gelay] MS? 2... cece cececeseeeeeeeeceeeeceeeeaeensseeseeeseees 9-5 
UMSUOUCUION Lee eeeeeeeecceeseeeeeeteeseeesseeeeeeesetereseetaes 4-2 
Interrupt _SeTVICE? eee cents 13-13 
OPCOME! oo. eec cece ceete cee eeeeeeeceeseeseeeeeeeeseereneaeeats 8-7 
Calling program: ..... ee eects e ee ceeneeee tee etes 4.6 
Capacitor: ....eeeeceeeeeccseeeecereeeeeceeseeeeeeeceeeneeeeeeeetes 3-6 
CALTY Dit ee ee cece ee cceccneeeeceeeenseesecneceeensessenenens 16-6 
carry out of the MSB> ooo... eeecccseeseeeseeesererees 6-4 
Carry/DOrrow Dit: oo... ce ceecceeeeseeeeseeeneeens 6-4, 7-3 
CDIOCK: ooo cece ceceeccseeceeeeeeeceseneceseaseeseeesnsereees 4-4, 7-20 
CD-ROM1 0. ceeecesceeeeeereeeeeeneenseneeeeeteees 1-4, 3-2, 3-3 
chip select line: oo... ceenee tees 16-2 
CINV Comparator Output Inversion bit: ............ [2-2 
CUTCUICS oes eeeceeceteeeeeeeeereeeeneesetenseseeeeseeateneesaneesaeess 18-3 


Circuit diagram) 00... eee eects 8-4, 18-2 
CIS Comparator Input Switch:........0.0.. 12-2 
CLEAR: occ ccceeccceccec ces ceeeeeeeeeseeneceeatcaneeeeeeeeeatee 1-3, 5-3 
CLEAR(OG)! oo. eec ce ececee cee eeeeeeeeecenpeseseneneanes 7-3, 13-2 
CLEARING? ooo. ccccece tees ececeeenenet er eeetneeseeataes 2-4 
CLOCK: occ ceeceeceeceeceeseececeeeesceeeseeenetevensees 8-2, 16-2, 16-3 
falling edge? cece ceeeer eae 16-3 
FrOQUENCY = oo... eee eee eee re tect eeee ete reseaneneaeees 8-3 
frequency specifications... eee 16-3 
TISING COE? ee eee ee eee cece teeta eee cee te seenet eee 16-3 
SPEC. eee ecccesceeecreceeeseeetecnensereereenscaeessaanensens 11-3 
CLOCKING SIGNALS: eee re teeeeereere vere eeereceeeeees 15-2 
CMO Comparator mode bits... eee eee 12-2 
CM]1 Comparator mode bit? ..... eee eee ee 12-2 
CM2 Comparator mode Ditto. ere ec 12-2 
CMCON Comparator Contro! Register: ............. 12-2 
CMCON, COUT Comparator Output Flag:...... 12-2 
Code 
instructions 
more CffIClente.... ee eteesenee te eseneeeereeneees 10-4 
POOLILMALY: ooo. cece cece ee eeeeeeteetceeeetneteeenees 8-2 
Programming? .... eee aeteepee erent eaaeeetennes 1-4 
Protect Off: 2... cceeecceecessesceeeececeeeneeeeereeteseneennrers 8-4 
code 
00] 8) 5 (otc 18 (0) | Rae 18-4 
Code Block Diagram: ....... eee eee eeeneeeen eee 15-3 
Color COdINg: -o.. ec ceecee tect eee teeeeceeeeeeseeneeeteeenteees 3-6 
Command! ooo. eee eect tece ree eeee eee eeeeetaaeeeecee tees 7-2 
Comment 
LUMES! woe ceccceeceeeeeeeeenenescceeesencneeecneeesseeerereeees 4-3 
StALC MEME! oe... eee eeeeeeeeeceeeceeeeneneesceeteesenseeeenees 6-6 
statements (PULpOSe): ...... ee eee 6-6 
COMMENCING! oo. eee eee ec cee cee tee teeeeeeeeeneeeeeeaes 4-2 
communication 
Cigitals oo. ee cece ccecceeteceeteceetenescneneesas 18-2 
Communication Protocol 
Asynchronous Semak: 0.00.0 15-2 
Comparator: «0... 2-5, 6-2, 6-7, 8-4 — 8-5, 12-2ff 
FEYO:| (0): rec rree 12-2 
Analog Select Register? ....0.00..0 2c cece 12-5 
CIN DItl oe. cecececeeeceeeeeceeeceeeer cesses ceeeseeseeseeeeens 12-4 
CULCUAEL vee cseececeseeseerseeeee sees seeeeeeneeenenaeteesenaeneeee 12-2 
CMCON SER? oo. ceecccceeceseteceeseseeeeeseneeseeneeatens 12-4 
UDIVOKUUTIG: ose ecssseeeeneeerseeteteeeeeeees [2-4, 12-5, 12-6 
TOOCES: oo .cecccceesecesseeeteeeeeecensscscesseneenseenenee 12-4, 12-9 
TOUS: eee cee ceeeen cece snes seeeeeeseeecaeeteeeeeneneeenes 8-7 
TOM-UNVESUIDG: 0... eee eee eee eeeeeee cress 12-4, 12-5, 12-6 
OUtPUE Dither eee ete cere rere teeenene 12-4 
separate from MCU program code:..........00.... 12-6 
SOL UPL cece ecceeececeeeseeeeeesseeeeeeeneesersneeseneeeeneeeee 12-2 


Comparator Control Register CMCON.: ............. 12-2 


CIN: oo cccecceesseseceseeesssersssneeseceserserscueeseneees 12-2 

0) 0S Sa 12-2 

CMO: oe. eccccessssccssercsesssvessoseesssessssenssanessanens 12-2 

CM]: oececccccccccscecsecesesecseeeseeseseessceeesssees 12-2 

COM nonce ccccecccsessesecateessneesssseassssenesceneneas 12-2 

COUT? 20 ecccceecccccscteeseestserstseeseneens 12-2, 12-7 
Comparator Output Flag CMCON, COUT......... 12-2 
Computer programs... sceecesecessteseesseecseeereeeeeas 7-2 

JANQUAQES! eee e eet ee eeeeesenesaeeeeenees 7-26 
Configuration 

COKE. oeeeeeeeccececeeceseeessseecseeessseneessneneeneesenssecaeess 8-6 

WOT eeceeccccceeesceseecesseesesseseseecsseeeesneecessseeeeeses 8-2 

WOT SCLEUNGS! oo. eee cece ceeeceeneeeteeeeeeeeeeeneeereeees 4-3 
CONFIGURATION BIT? «200... cece eee cece eceeeeeee eee 8-2 
Configuration DIS: 1.0.2... 8-3 - 8-4 
CONFIGURATION BITS SET IN CODE: ...___....... 5-3, 8-3 
CONFIGURE ............ ce cescee eres ee cee ceceeeeeeceeeeeeeenes 8-2, 8-3 
CONFIGURE/CONFIGURATION BITS: ...............--45- 5-3 
CONFIGURE/CONFIGURE BITS: .....0.. 02. cee eee eee 8-2 
CONFIGURE/SELECT DEVICE:.......00.0.0 eee 5-3, 8-2 
CONFLICTS: oo eecceeccceeecsscetseesseseescsneeseeseaeesseeeessaes 13-9 
Comstamt(s): cece eee eeeeereecteerersaeeseeees 4-3, 7-3 

(literal MUMDETS): 00. ese ee cere eeetteepeaeeeeesees 7-2 

VALUC eee eeceeneeeeesteeeseeeetesecesenseneeesceeeeeseeees 4.4 
control functions 

DASE! oo. cece ctcenene pense renee tes sees sees ceneeeeaeaees 4-3 
conversion time 

TIUTLTIVUIM: «ee eseeveveevesseeessesresssresesstessnesesacseaees 11-3 
COUNT: 0. eee cere eee ree rerneee nee pee dane teaeesnnerencaeees 9-4 
count 

PULSES! oes cee ereen reese reerrenererneene rae venernerrnrenes 14-2 
Count - dedicated variable: .......0...cccccesecereeereeeeees 9-3 
COUNT _GOWN: ......cescncesscressresseaceseuseerenersareutarersaeres 4-4 
COUMLET? ..ecccccceccereesecesseresreeersuersaseresseatarees 13-16, 17-5 

THOUS! cece eeesscceeseeeeerenseeecenseesencueeeeeseeectanensaaes 14-2 
Counter variables, nested 1OOD! ..... cesses ree 9-8 
counts 

NUMDEL Of: oe ee eesseecssesseeeesseeseessssessersaeeeesees 14-2 
Critical timing ISSUCS! ee ee ece ee eeeecteeeree rete 14-9 
CS 

LITE: cee ccseccscececeeesseeessnerseeeseneersuescaressaueseenenes 16-2 

04 120 Se 16-3 
Current limiting resistor (S$)... 24, 8-4 
D 
D - destination registers... sce eeeeeeneneeerereenereeers 7-3 
ADL... cesesessecsccsesesseeeceevseesessaevatsssessansreesnaveness 18-2£f 

SWITCH. oo. cccccreeesceeeesneesseeessaneesaseeaneeseneeaeaee 18-8 
Gaisy-CHaiming: occ cceeeeseeseeeeeeeeeeeeeeneeensiseraeees 16-3 


data 
LIME COTMOCUOM: 00... es eee sesceseventesseesaeerasersresers 15-2 
IMC MOTY MAP? 0.0... seececseeesceeseressssaeeeseanreceeeaneaes 6-3 
PACKAGES! oe esc cn ceeeee sere seeeeacenteeeeetseeeneeeees 15-2 
[2 5) | 17-2 — 17-4 
WOPKING WILK: oo... eeseeeteeessenseseeeresenesenereess 17-2 
ata Dit(S): .....cceecccseeceeesseeeveceesssaeeevsreeserseaes 15-2, 15-9 
Data Code Protect: 0.0. ceeceeececeseneereenetenesseneries 8-4 
DC (Digit Carry/Borrow flag Dit): eee 7-3 
DODUS! cece ceeeesceeeceaceceeeeaeseeseaeeseeseaeesesetneeteennaes 3-4 
DEBUGGER/SELECTTOOL/MPLAB SIM: ...... 5-5 
DEBUGGER/SETTINGS |... ecceeccteeteeeee rte eeees 5-5 
fate) Cc) A A-7, 9-6 
Decimal 
FOP, eee cece eee eceneee ete teetenenaeseecaeeeeeseteneeneeeers 7-3 
TIUMIDELS:! 0... ee eeeceee ces ceeee eee eeeececaeceteeeeeeeceeneeeneeee 1-3 
Gecision branch: ..... ce ec eee cee eesceeccseeeteeeeaeeeeeees 12-8 
Default bit Settimgs: .....cc cece ccs ceeeesenanereenensetrees 8-2 
Defines: ooo... cece ceeecceeec cee ceepeetenenecceeneceueecneneesenss 4-2, 4-4 
GOCLIOM! o..esccceeeeceeseeceeeeceteeceeeoneeeceecsesesceaseesas 14-13 
Delay: ne. ceeeccceeccecceccesceeeeeceneeencensoeeesesteeeeeeteaes 9-3, 9-7 
SEWWP SCCHON! ....... cee eee ee ceeeeseneeeeeeeteerenes 9-8 
delay rOUtIME CODE! oe eeeeesecesseertcestereneesseeeeeeees 10-8 
Delay subroutine(s): 0... ee eeeeeereeneeees 9-2ff, 15-8 
PLOPOCE oo. eeeeeecseeeceseesceeeeaeeneceeesenseeeseeneeeneeeees 9-2 ff 
Gelay LIS: oe. ceeceeeeceeeeeeesaeseeeenseneesvenerassessenenecsens 9-5 
delay200Ms: oe ee eee eee renee ceaetadceeneenees 4-7 
Delays, LOWS: cece cceeeeecseeseeeeeeserceaeeseeeneeseeteasenes 9-2 
Destination register - dt... eects 7-3 
Device 
CLOCK: ec sacecseceseeeeeteeeenteeceeeneseeesseeeenenseeteenaes 14-10 
Clock frequency: ........ eee ee eee te eeeeeeeeee 5-5 
COMP aAratOTr ICSOULCE! 0.2... eee eeevececceeeeee tee teteeetees 8-7 
GOCUMENtALION! «0... eee ce eeeeeeeeeeeereeeeeeseneeeeeens {1-3 
LUIMTALIONS: oe eee cee eteeeeeeeeeseenenesereneeseeenseens 16-3 
bot) 61s 6) 0 Ee 2-5 
SOTUP! oo ceeeccseeceeeetceseseesenetseesteeesetereeey 2-5, 6-2, §-2 
specific calibration Valu: ..... cece eceerrercies 8-3 
Device reset Statist... eee ee ceescerseeserereeseeeerseneees 6-3 
DEVICE SETUPS? 000... ccececesceceseneereeceneeeeeeneeenecanenes 8-2 
Device Setup Memory? «2.0.0.0... eee 6-2ff 
devices 
daisy-chainiog: v2.2... cece cece erence 16-3 
Digit carry/borrow DIE? .... eee ee eerie 6-4 
Digit Carry/Borow flag bit (DC): oo... ee 7-3 
digital 
ADDU, oie eee cee eens eee eee eeseeeeeeeeeeneeneeeecacnote 2-5 
UNPUt DUDS! «eee eee ceeeeeeceeeeceeeeeeeeeeeeeeneneeeeneseena 8-5 
LOIS SLATES! eee eee ee cece tceeee cee eceeereeteeesenennnenes 10-2 
igh 9 LOW! eee eeeeeeeereeereeeeraeetesaanesaenes 10-2 


OF OF OFF: eee eecceee cece eee ecuseeeeaaaees sees 10-2 


QUUDUL occ ceeeecenneeeeeseneeeenceeeceseeeseeeeeseneneeeenaaes 2-3 

| SAcA0) LOLS 0) | re 1-2 

0) 2-2 

70) Eo er 10-2 
Digital Potentiometer 

MCPS LOLO: oo ceeeeeeeeseceeeeecseeesseepennerneeseees 16-2 
directive 

tcc cceeecceeecceceesececsceessceesseensneepesseeses 17-5 
DIUTOCLIVES! ooo. eect tees cece raeeenereeeeenerneenines 4-2 
Directory, PIC Programming: ......cecsseeesesseees 5-2 
CCS eee cee ee ence trees reeseeeeieectenseresseseneaeeseeetaes 18-2ff 

SWIUCHE ...ceeecssecsseesseeesseeesneeessasesseeeceeseesanssanens 18-8 
Cb y20OMS? ee ee enecce eee ceeeeteecnceresseneeeaeeeeasersnaenaee 4-7 
Ctl eee eecceccerneeseeeeerentsneesriseessanesersnateerieeesseanesenees 7-20 
Gt GITECTIVE! oo... ccc cccceccsseesseesrasescoceenesesssseensanens 17-5 
duplex Communication? 00... ee eee ee eee 16-2 
E 
| 6) 0) cre 7-2 


EEPROM Electrically Erasable 
Programmable Read-Only Memory: .............. 
Electrically Erasable Programmaable Read-Only 


13-2 


Memory (EEPROM):...0.....cecccesseceseeeeeeeetetes 43-2 
electronic Ke yer: oo... ceceeeeceseeeseeeeteeneeseees 18-2, 18-8 
Enable bit flags: eee eee renee 13-2 
TENDE vee tceeeeneteeneetereneteenaneaes veeeeeeeeees 4-7, 7-20 
SIN. cece csc teeeeeeeeeeeeeetaneeenaeeeeteeeesevseeetdeneneeenes 7-2) 
of (6 Onn ee 4-4. 7-20 
External crystal Optlons: «oo... eee eeeeeteeeeee §-2 
external device? oo... cece ese eeceeeeeeeeereeeeneeees 13-16 
External Resources, Interrupt capable: ..............- 13-2 
F 
P-LOS ISLET! oo... eee cece cee cect cee ceceeeeeeneseeneeesseeee 7-3 
{7 

KEY. ceececceececcecceneseeeeecteceeecaeeeesaeeeeeeneeeeseaee 13-14 

PFOQLAM StEPS! eee eee eee eeeereenteneeees 13-16 

=) OEE 13-15, 14-8 
Factory caltbratton values... eee 8-6, 13-7 
file ADC. aS: ooo cecceecccecceeeeeteceeeceeeseeeerseeeeeaeenes 11-6 
PLE, INC: eee cece ccceesseesececsaceecveeenteeesersessseeeers 6-3 
Filter Capacitor: 2.0.2.0... ccciceeeeeeeeeeenceeeeseeenteeenrees 3-6 
FIRE button... cee cecceeceeeneeneeee 13-14, 13-15 
PIrSt PYOQVGIE 0... cee ceecceeceeeceeeeceeeeeeneeeeaees 3-5, 3-7 
FLAG(S): cece ceceeceeseeseeseceteeeseecseeseseeeeeneeeeessee 7-3, 13-16 

OVETH OW! occ cece tcee cree seeeneeer eter tee neneeneee 14-2 
FOSC/S! eee cecccceceee eee er ten teeeeesetettesteettetetttereeeeees LDS 
frequencies 

OPCLALUE ST! oo cee eeeeceeteeeceeseeeesessceeeeesseeeesseeees 11-3 


G 
General Purpose Registers 


(CC) 1.6 ee 2-5, 4-2, 4-4, 11-6 
get_adc SubrOwtine: ....... ee eee cee eeceteeeeeeeeeeeeeeeees 18-8 
Exploration Exercise: ...... ee eeeseeeeeeereeee 14-13 
GIE - Global Interrupt Enable bit: ........... 13-3, 13-10 
GND ~ Ground: oo... cccesceceeeeeeecceeverersneeens 2-3, 2-4 
GOTO eee cece eee eeneeerecneersereeseneeaneas 4-4, 4-6, 4-7, 9-6 
GPR 
(General Purpose Registers): ....2-5, 4-2, 4-4, 11-6 
GOUT? voc ccccccsecceseeeseeeccsncessueeseneestnerseaussereenrs 2-3, 2-4 
H 
HALA WAKE! ccc cccecceccecseeeecsesesseresseersaeeesaneeeeeareneeerss 13-9 
ALCHULE CELE! Leese cece ce ceeececeeeeceeceteetaeersseeenees 1-3 
SCUUP. oocecececeecseecseresseecceceeeesseeeceeecseestaceesaaeentes 3-5 
hardware NUANCE! .0... eee eeeatetsersseeceeeeeeeeee 10-8 
Hexadecimal 
at (a 5-6 
FOCI oecececceccecseeereeeesseeverseeeseceessuseeeeecceensesssceess 7-3 
NOTATION... ce cececece cece ceeceseneecsenessecuseesneeeenteseeeres 3-4 
NUMDELS? 00... eee cee Deseveseueceesnsteesseneces 1-3 
High level languages? ........ ee Lesesevenseneeenenenes 7-2 
High speed crystal or resonator: .... eee rere 8-2 
I 
YO Pint oo... eeee cece neeteeeesereesererees Vevavaereseeeess 11-2, 13-8 
PORTA, 22 ooeeccccccccecsceeseecceeesceeenseeeesensesenssseenens 13-7 
PUTPOSES! oe eee ee reece er eerene cree en neeenereneeess 2-5 
TOSQUICES!...cceccccccccceecsecceseccssseeesnececconeseeeeecanerees 8-2 
T/O pins: oo. eeeeeereereeeee 2-Sff, 6-7, 6-8, 8-3, 8-7, 13-2 
ood ot: | 2-3 
POrt, oii ceeeeeceesceceecnsceseeesserensterevsaee 10-2ff, 11-3 
PORTAS once eccccecccceecseceeceeessecesteeseseecceeeesensees 10-2 
PORT CO: ooo eeccccccecccsessseeesseressssusssscseseessneessssans 10-2 
TC pio nUMDe?: «occ eeeceerecseesssntessteessteessres 10-2 
IC SOCKet oo cee ee ceecececeeeeeseececeseesnsenteesesetensenaens 3-3, 3-4 
IDE (Integrated Development Environment):....... 3-2 
TCE: eee cccecceceesenceueeesseneeseeuessesesssarseauecstereeteessesareege 7-9 
Tnclude file: occ ccc eececcecsscecescesessseeseaepessnaeaees 4-3 
Include files... ce ce eee eee eceeecees cess seneeseeserees 6-3 
Incon 
CGTE DIts oo... ee eee cseseeneeeceeseetaereceeceesneeseearereees 13-12 
Indicator LEDS! o.oo... eeccececeeeceeeeeeeeceeeetenenseeers 8-4 
Infinite LOOP! os. ece eececeeecsecetceteseetacetaeeecceneeae 2-5, 4-6 
Tihits oc eccsecccceecesseeeeersceueeusorecesecesserscvavssnaesasansteresenes 8-7 
Tite cece e ccc c cece sees nsneecceececeeeseecesaeaensaeeseeeesseneeaees 4-4 
Tnitializatione oo... ee cece cee cece eee eteveeeeeeee 8-6 
ed 06 (a 8-7, 18-4 
MCU? cicccecccccccecsecsccsceecsceesccsessssseessesseeersessees 8-6 
SECTION! vccccccccccesccscausesveneesenes 5-6, 10-2, 10-3, 10-5, 


12-10, 13-7, 14-7, 14-12, 14-15, 16-4 


input 
Sd 10) | eee 18-2 
570) [F- | -cnEee 12-2 
VOMASES: eee eee eee ee cee eeeeeeeeceeeeeeeeseeneeens 12-8 
Input/outpit Pin(S) ¢ eee ee cece eeeeeeeen ee 1-3, 2-2 
INSHUCHODS 0. ee eeceesccecreceesceecsecesseaeeaetetsecnenaesennees 1-3 
TOLUTI eee csaceteeeercceresereeteeeeessesecaeessesreseeneeeaevene 4-6 
SOt COPCOES): oi cseeceeeersenteererseeeesseseestereerereess 1-3 
Instruction cycle counter function: ...... eee 9-3 
Instruction cycles: ..... ee 9-5, 9-6, 9-8, 14-17 
INTCOON: oooccceccceeeceeceeeeeeeceeeteneeseaecnssatsessenseses 14-6ff 
REPISTCD: oo... c cee cieeee eect tee etettansaeees 13-7, 13-10 
INTCOWN;G ooo cece ener re cn eeneneenen ai neeeeeanaeraenes 13-12 
INTCON - 
Interrupt Control Register:.......... 13-3 — 13-4, 13-6 


GIE - The Global Interrupt Enable bit: .. 13-3, 14-9 
INTE - the RA2/INT 

External Interrupt Enable: .................- 13-4 
INTF - The Port Change Interrupt Flag bit: ... 13-4 
PEIE - The Peripheral Interrupt Enable bit: ... 13-3 
RAIE - The Port Change Interrupt Enable bit: 13-4 


TOIE - The TMRO Overflow 
Interrupt Enable bits... 13-3, 14-9 
TOIF - The TMRO Overflow 
Interrupt Flag bits... eee 13-4 

INTE The RA2/INT External 

Interrupt Enable bits... ee eee 13-4 
INTEDG, bit 0X06: oo... eee eee eee eeseeteeeeeeeee 6-5 
Integrated Cicuit(S): «0... eee ee eee ee eee teeteeeee 2-3 
Integrated Development Environment (IDE)........ 3-2 
Tmter face: oo... cece cceeceeeeeseneeseeeeseaeeseseeneeeeeseeneass 1-3 
Internal 

LOOP! oeeeeeeeeeeeceeceeeeneeeceeeseeeaeeeeeeeeeneeneteees 9-5, 9-8 

LOOP CODE? oo. esceeceececeeceeseeecceeceneeerteteeneateess 9-8 

OSCLLAtOT? 0... ce eee cece eee teens cae teeeeepecaeeesenenens 5-5 

oscil ator CUCUIED eee cette eeee cette eeneeete 3-4 

RE Oscillator oo. ee ecceceseeeeeeeeeeseeeeeeeeeeetnees 8-4 

TOSOULCED ooo eee ce ee cee tee cee eneneerencene nee 13-16 

Resources, Interrupt capable: .......00..eee 13-2 

voltage reference: oo... eeeeeeeeeeeeeeeeereeee 12-9ff 
Interrupt Resources 

ADC Interrupt? «000. eeeeeeeeeeeeeteeteeeeeees 13-3 

Comparator Interrupt: 0.0.0... eeeeeeeeeee 13-3 

EEPROM Data Write Interrupt: ..................... 13-3 

External Interrupt RA2/INT? ........ eee 13-3 

PORTA Change Interrupts: «0.0.2... eeeeeeee 13-3 

TMRO Overflow Interrupt: -...00.. eee 13-3 

TRM1 Overflow Interrupt: .......00 eee 13-3 
Interrupt(s): 0-1. eceeeeeeeeeeeeeeeesees 13-2ff, 14-1Off 

capable External Devices: 00... eee 13-2 


capable Internal Resources?......... cece 13-2 
capable reSOUICES! «eee ee eee reeeeereerettes 13-2 
False: eee ecececeesseseeeeseeseeeececeeeceatsseseeseeesaeaes 13-16 
UNE TVal CUTE! oo. cccesseeesseeeseresseneeeeneesnerserene: 14-17 
Olds ecieepecesseeceecesseecpepspeersucestsseusesteneeeeeee 13-16 
TESOULCES!...eeeeeceessessessvecsesccscnsceceeesasessanens 8-4, 13-3 
Resources, COMMON: «0.0... eccceecseeeesusereceseseeers 13-3 
SCTVICE CODE: eeeseececceceeceeseceeenseecucceesceesenseeaees 13-2 
service routine? ..........0..........4-3, 13-2, 14-9, 18-7 
SUSTALS oeeeeeeecesececceneeteenecceeeceeceecaeeseceesseesesseee 13-16 
VOCLOL Lieccccsecsccecseseerseseessteeees 4-2, 4-4, 13-9, 14-14 
Interrupt.asm files... eee cares reeetseeesceneeeseeee 13-6 
interrupt_service: .........4-7, 13-9 — 13-10, 14-9, 18-7 
IMterval] COO? oo... cece eee ceceeeeenceeeeneceeeenenseeeeesenees 14-2 
INTF - The RA2/INT 
External Interrupt Flag bit: 2.0.0. 13-4 
Tmtroduction: 0... cc pcececccecceeeeceeeeceeeceseeesteeneenaeeees 1-2 
IOCA Interrupt-on-change PORTA Register:..... 13-6 
TOCA! oe eeccccccceteneceeeccteeccetnecneetesettatenseennes 13-6 
TOCA Lf ecccccccecseseecsceteeereecoeennseeeeerassenensanees 13-6 
TOCA? 2 oe ecseececteecsecereeeceeecesenssssneceneersonetseeeees 13-6 
TOCA | cecrcccecceseesseesccaseecerssaeaecsaeeseecsseentecress 13-6 
TOCAAS ee ceeccccece cece cece eesceneeceesaeeeesecenseitenees 13-6 
TOCA: ec ecceccece cece tteceece eee ceceeteeeetaenenaenetaenaes 13-6 
J 
JUMP! oes eee eee ccc ete eeeeeeteete rete beseeanseteneneeeeeeeeee 13-16 
CO MEMOTY LOCATION: «0... cesses seeeesseesteeceteeetenee 4-2 
VECCOES! ..ceccccseceseesseceeccesecseresssecssseeeescecseeessseenes 13-9 
JUDO? ooo ea eesecceee eee ceneceeseesoeseesneeesseeedeesaeaeae 4-4 
instruction (call): oo... sce e ce eeeaseseceeeeeeassesceecs 4-4 
K 
Ke. (COMSEADE):. oe. ceec eee eeeeeceeeceeeeeeeeneeceeeensenneeaneetens 7-3 
key switches 
CLOSULE! eect eeeecceceseeseseeessssensersseeeesseesnees 18-4 
keyer 
CLECULONIC! 0... ee eeeeceeeccseeceseesesesstseseeeeeesees 18-2, 18-8 
Kit Of parts: oo... cece eee ceases cessenneensesaenseaas 3-5 
L 
Language 
ASSOMDIY? 0... cece ce ect teetetatenanneeseneeeeaens 7-2ff 
High Levels... cceccscecsssecsseesseeesseseetseeeseceeserssees 7-2 
Low Levelie.....ccceceeeeeeecccscesessnesnsneeneeesssntenneeens 7-2 
Machines... eens 3-4, 4-2, 5-2, 5-5, 7-2 
LOD? ooo eceeceeeceeeeeceeeeneeeeneeecseen nesters 13-6, 13-16, 15-4 
GASPLAY Soe. eeeseseseseee ee ceeeeeeeee tees sensceeteveeeatneeenees 4-6 
Serial Protocol: ...... eee cece ceeeaeee cine taeens 15-5 
ELL cee cceeeceeeeeececeeecceeceaeeeseeeeaaeeesaneeaaeneeenraees 3-7 
baud rates: oe ceeccteceessessnseseesseesseseesenes 15-4 


LCD display: 00... ccccescseeseeeeeecsessnseseeeeenereees 11-6 


LCDOutput subroutine: .......... 11-7, 15-6, 15-7, 16-6 


Least Significant Bit (LSB).:...... 6-3, 15-2, 15-4, 16-3 
LED once ccecccceecenececeeeceeceeeeesnnseestenuesareessenesarers 12-6 
Display Unit 
T-SOQMCTIU ....ceesceescssessceeseesaneecseessseeessaneess 17-2 
COMMON ANOE?.....ceccceseeeeseesseerstenescsetenes 17-2 
Common cathodes... ceeeeeeereteeees 17-2 
UNGICALOL: 0. o.e.ceeceseceesesescesseessneessanssensessesessanees 18-2 
LED(S): occ ccecccecccece tes eeceeeeseteecaeeeeecesenteecesenetneees 10-8 
LED(s) - Light Emitting Diodes: ........... 2-3, 2-4, 3-7, 


9-2, 10-3, 10-6, 13-6, 13-8, 13-14, 13-16, 14-13 
level 


TTLACTO? vee eeecececescecceenteeeececeeeescceeeeesteeessueneetenes 14-17 
FACTO? oe ceeccccececceeeeceeeeeeseceesssceeceeseeeesseceecenes 14-17 
Library of delay routines?...... ee 9-8 
Library TeSOULCE! «2... eee cette terete reteeneneees 4-6 
Light Emitting Diodes - see LEDs 
limitations 
HALA WALC! occ cece ceneeceeeeseeeesesseuranerearerseureceeseeas 16-3 
CUTE eee eee scceeecceessseeesseesseenesepeesecucsecetneceeseens 16-3 
LAS: Lee eeeceteseeecseceveeseaesentsepsevsnecsneeesseeuesetsetiees 7-18 
Literal 
COTISCAMUS! eee ccecessecesseescesscssscssssecsssteessrersasessaes 8-3 
numbers (COMStAMtS): .......cceeceasecseeseeseteeeeetetees 7-2 
LOGIC LOW! oo. cccccccceseecsessesesssseeseressessessnessseeasees 1-3 
Logical States: cece eee eeeeeeeeeeesececeeneeeeneeetenenees 10-2 
Long delays: ......ccecccccccceeceseseeseeceeeeececececenseesreaaes 9-2 
loop 
holding: ........ ceseeeeeeueesneescneeseseavensssanernsess 14-15 
PTOQTAIN: 1. eceeeeeceeee see e cece teen eeeeteeereepenneneeees 10-7 
Loop counter variable: .........cccceeturesseetrsseeeeees 9-8 
Low level languages: 0... cee eeeeeeeeneeeereereeeees 7-2 
Low power crystals... eee ceeceeeeceeer cece eeeeeeneeeees 8-2 
LSB (Least Significant Bit):...... 6-3, 15-2, 15-4, 16-3 
M 
Machine languages... 3-4, 4-2, 5-2, 5-45, 7-2 
MACTO LOVE]: eecceeseecsecceeseesccececceecrsteenearesersenats 14-17 
Male oes eeececeeeeecseeeneeceeeeseeseusaerseeeeasensssuessessasenss 4-6 
Main Program: .........cccescseeessseeeceteenees 4-3, 4-6, 13-2, 
13-16, 14-5, 14-13, 14-15 
Aecision Branch: ........-ssccecessseessseeseeeeseseceesaes 12-8 
Mask... eesseeensereneeeceeeecessecceeeecertnerenerannesersueeneess 5-6 
Math routines: .......22..cescecscceceeesaseevereecceesenteseeeees 4-6 
MCP41010 Digital Potenttometer: ...... 16-2, 
16-3, 16-4, 16-5 
MCU? oor 2-3, 2-6, 3-4, 3-7, 4-3, 5-2ff, 7-2, 
12-9, 13-2, 13-6, 13-7, 13-16, 14-13 
capabilities 
Current handhin gs... eee eeeeseeneeeeereeenaees 17-2 
CLOCK: eee cee ceceececeeeeetreeeeeseereneeeseneentaneetsens 15-2 


UMCO ral: oo... eee ceesecesseesseecceeessanesaneesseeessasens 14-2 
COMP QUT: oes eee ceeseeeeeeeceeeeneteeseetensneeeseneesas 8-2 
GOVICES! oe. cceeccescececcseressceseseeesasesassarseerecaeeeees 9-8 
VO TOSQUICES! .oec.ccccceceseceseeessseeestessnereeeeesseeens 17-2 
PED eeeceeseeeeeeeeesenceneeeaeeaescaeeeseeaeeeneenacereeeiaee 8-5 
program code 
separate from COMPpAaratO®: ..... eee eee 12-6 
TOSEED  ecececceccccecsssssessenesseseeseneeesensrateeesaneeseas 13-14 
MCU E occ cece ccseecsceceeececeeeceeeeceeseecaeeeeanereseessateas 8-4 
Memory 
APCHULSCHULE! occ ccc e eee eeete eee eeeneneteentnas 2-5 
Dar: occ eececceccccsseeesseesesteensseseeeeeeeseaeeesneeeaaes 13-11 
SWLECHUN GS! oo... ccc e tee eeeeeeeteeesseeeteeeeeeneeeens 6-2 
LOCATION! eee eke cece tee eeetanenenenerseees 1-3, 3-4, 4-2 
location OXOO: cece eeeeeeeerees 4-4, 13-14, 142 
Location OxOO00: oo... cc cccccceeseercenseescetereentees 13-9 
location OxOO4: cece cc ectcteeeteectetenseceees 13-9 
Nocation OX04: ee ceccesceeceeseeeceeeeeeeneteeeseneees 13-2 
VOCATLON ZETO! oo... ceeceseccecesseeneececeeseeeseseeecsesseee 4-4 
SPACOL eee ceceececeeceeerseeeeeeeeeseeeeeenereneesenseereneeenes 9-8 
memory address 
OXOOS ieee eaeeeceeceeeseeeeeneseecoteesecaeeaeeaeseeseeeeateess 6-3 
OX8O: oc eecccccccssecssseessetecseeessesseessserevseeeeatecesseeeees 6-3 
MMEMOTY LOCALION: 00... .ecccceeeessseessseeerterssseeeses 6-3, 6-4 
WHESSAZE LOOPS! ..eeeee cee ecsececerssseecsessssesesssstenssseeeers 4-4 
Message_CoOunter: 2.0... cceccceecceeceseeesceeeeteeereeeeeeeees 4-4 
Frat Cer Co (=) (-] Hee ecseseessneesteeneessee 14-17 
Microchip’ ......2..2..cceece cee eceseeeeeeeeeeeeeeereeeneeees 1-5, 3-2 
MicrochipMPASM Suite: .........0..0..000ccccceeceeeeeeeees 6-3 
Microcontroller development tools: ...........0.0000: 3-2 
Microcontroler(s): ..............e0 ee 1-2, 1-3, 1-4, 2-2 
DAIDULE_UDP?! .. eee cece eee eeteeeceee ceeneeaereeeeenet 44,46 
Mnemonic 
GESCTIPUVE! oe eee eee eect e cnet eeeeeteree tiene netes 6-3 
GOL eccccecseessseessnrcesscessreventeressusessareenneeneres 11-6 
SYTDOIS: 0 ...e-secceessevseeeceressveneesecessstescaressssectesess Ad 
MIMNeMoOnic!......cceeesececceeeseceneneetessasesseees 1-3, 8-4, 10-2 
Morse 
CHALACLELS! «2. seceececee etree ete eeeseeaeteseeceepensaeenaes 18-2 
Morse code? oo... .ececcecccecccecce cess cence seeeseeeeseneresane 18-2 
Most Significant Bit (MSB):........ 6-3, 15-2, 16-3 
Mouse Pointer: .. ec cece cree cesecssceseteneseneecanene 3-4 
MPASM Assembler: -.......02.00ccccccceeceereete cence 3-2, 3-4 
MPLAB compiles: ....-..2.:.ccecccceececeeceeseeeeeeeeseeeeeenens 6-3 
MPLAB IDE? cece 2-6, 3-2, 3-3, 3-5, 3-7, 
5-2ff, 6-6, 8-3, 9-2, 14-13, 14-14, 18-3 
Comparator project: 22.0... ceceeeeseereeeeerenes 12-5 
DEVICE SETUP? .......cccecccceecscseeeeeeteeeneeeeneeeets 8-2 
Trnitializatio oo... cc ccececcceecesceresteretseesseeeessesees 8-6 
MGKMOLY! nee eeceeeseeseescceesececeeeeececescaeesseseeensenereeets 2-5 


Operate... eee ece eeeeeee eee eerseeeesneeesneeneeeeevanvess 3-3 


PLOQT AIL 2. eeececeeeece eee cetee see enetseeessesteeeetaneesses 4-2 ff 


ProgramsSerial: ....ccsscseessessesseseeseeesceseeseeees 15-4 
Program/SPl: o...ccecceecccceesetessseecseeecteereeeeees 16-3 
PLO SPAMITUDG! oe eee eee eeee cere raters 2-2, 4-2ff 
TOSCUL ence eee eeeceeceeeeceeeee ceeeeeneecesneennneeeneeesnneess 4-4 
FOSQUICES! ooo... e eee ceeeseceeseseeseccceceecevenetaneereenees 2-5, 4-6 
SOPWALE! oo. ee ce eeeecee cee eeeeeeceeeeneeteeeeterenes 1-4- 1-5 
Version 8.10: oc ecceceeeeceescceeeceeeseeereriserneenes 3-2 
MPLAB IDF CONFIGURE menu: ............0--:c00 8-7 
MPLAB IDE New Project Wizard 
CONFIGURE/CONFIGURATION BITS: ................ 5-2 
CONFIGURE/SELECT DEVICE: oe eccceseesiee 5-2 
NEW PROJECT: |... 00... eee secenseecerserenneeeaverenteneens 5-2 
PROGRAMMER/SELECT- 
PROGRAMMERIPICKIT 22 .........:sccccceeeees 5-2 
MPLAB IDE Operating icons 
ANIMATE: ..... 00.0... cc cee eee eee ee cece tence eerecneesaneetannenenes 3-4 
BUILD? oe. eee ce cee re eee tence eee eanee eee teeeaneneees 3-5 
BUILD ALLE ooo... eee eee ee eee eee e ee eee tense enone 3-4 
ERASE THE TARGET DEVICE MEMCRIES.......... 3-5 
NEW PROJECT: ...00... 00. cee eee eee ceeeeeeeeesee renee 3-4, 5-2 
OPEN FILE: 00... cece eee eceece cee ceeeeetenetaerectenenrereres 3-4 
PROGRAM: ..........-. ccc cee cece eneee cence ceecteeueeeeeeneeseees 3-5 
PROGRAM THE TARGET DEVICE....................... 3-5 
READ TARGET DEVICE MEMORIES: .........csccssees 3-4 
RESET: ..0 0... ceccceeeceeercnevereenereenereranevaenaeeteeesaneetes 34 
PUN: one eree cence cee eeeeeeaeeeaeeenneeeeeaeesaaeesnaeees 3-4 
SAVE WORKSPACE: 000... ccecccssseeceseeeeeenesaueene 3-4 
VERIFY? ooo... eects c cece eee eeee eee ee nee neseaesececetcaeeeeees 3-5 
VERIFY THE CONTENTS OF 
THE TARGET DEVICE: ............cceeeeecc cee eeeeeeeee 3-5 
MPLAB SIM... ccccccccccceecsetecsetsncsseeeecsseenescatentenes 3-2 
MPLAB Simulator.,.9-2, 9-3, 9-8, 13-14, 14-17, 17-5 
debugging capabilities: eee 13-12 
MSB (Most Significant Bit): 0.0.0.0... 6-3, 15-2, 16-3 
MUIEIPIOX: eee eeeeeeeceneeneeeetacnesneeeesaesutseecneeeeceees 17-5 
N 
n-channel PET* occ ceeceeecee cee ecteeetteeeenseenee 2-3 
N-FET drain reSiStO0: oo... ceeeseececececceeceeenees 2-3 
N-FET SOUTCE PESISION 2... eects etetteseteesseeenteeeees 2-3 
ested Calls: eee cece cee csecseeecaceeseueeecenecseeesrens 13-9 
Nested loop counter variables: oc ceeeeeeesceeees 9-8 
Nesting COUNLETS: .....ceeccetceesceceeeececeeeeeeeeeeeeeeeeees 9-7 
New Directory Setups.......ececececceceeceeceeeeeeeeeeeeees 5-2 
New project wizard functionl.........2. eee eee 5-2 
THDDIOS! «eee eeececeteneeeenseeeeeeene eee saneateeneneetenieeeeess 13-11 
Nominal crystal or resomator:.....eecccceeeeeecee 8-2 
TOP! oo ceeceeeeeeeenseceeesceeessaenceceaeeessuaeereneesetensners 4-4, 9-7 
NOTEPAD oo cccccce cece ccc ceeteees esate tec cestceeecacectcaesnenes 6-3 
NPN 


COMECtOL TESISTOT! 0. eeecceceesonecereceveeesensceess 2-3 
ECMitter rESIStOL! 0.2... cece cece cece ee eeeeeeeee 2-3 
TROT USS 16) Ge 2-3 
0 
Offset VaUE! oe eceeeec ee ce eeeeseeseveeseepeeeseeseeneeseees 17-5 
Olims law? ooo. ..ccceceecceeeccceeecensegenesseeeseneeesneseeeeees 17-2 
One-byte of datat..... ee eee renee eenee 2-2 
opcode 
Commented OU? cee ceseseceenseeesesseeeesereees 12-5 
Opcode descriptions: .......... eee 7-4 through 7-17 
OPCODES: oo. cceeeeecceneeeteeeeseeeeenaeesaeeeseeeeees 7-2ff, 9-7 
ee 7-4 
AML W: oo. ceccesceceeceersececeeeecceneeusevecesunenspersnenensececs 7-5 
Es 7-5 
DCE iciccceccccecssessseeeeseereneeessueeesensaneeesasenseneass 7-5 
oS 7-6 
Dts: icc cccecsssececeeecsseecereerecreceeseeesserteanerseseees 7-6 
DEES: occceecccsessssecceesecssnerseesecsauesuuesasersaneesersees 7-6 
CAM ace cceecceeccsccecesseeeseeeesaeeeesneseaereeeeereeaenes 7-7 
CLE ie iicceccscccesccssseuesenescesssascessesssuueeeaaeessnens q-7 
CIIW! oieccecceceececseeessnsessccevensesceeeseeeneeeesceueseceees 7-7 
ol Fae | cr 7-7 
COUE. oe ececccccccccccssseccecseneseceusecesseeecneceessesseeess 7-8 
Mech: eee eeeeeceeccc ce cccc ceccseeceeseneeesensseneneseneeseees 7-8 
GOCESZ! ooo. cecc ccc cceccccsscesenecseceesaasessanssseaeeseversanes 7-8 
OTOL eee eeeeesecseseseesseneateneeranesseneesecsatenersaenersenes 7-9 
FT eo) en 7-9 
50 C0) Oc) 7-10 
VOTE. ooo e eee cececcceeeeceeececeeesersceresseereeersseenenes 7-10 
TCG) is 7-11 
MOVE: ooo. ce eecccecsceeesseeeeseceeceeceseeeeeeteeeseeuseneneess F-11 
TOVIW! ose cecceeesen eee ee ee seeeeceeceseeeceeeeseaeeereseeaes 7-11 
TOVWE? oo. cccccceeeeceecsseececeeeceecceceeeeaceesaeeaesaeeeees 7-12 
TOP! cecccceeeeeeceeceececeeceecateaeeeeeeeeteeeereeeeeeseeetats 4-12 
POTHO: oe eeee ccc ceeeceeeseteeeseeeseeeceeceeeseteseneeeseseneeas 7-12 
TOtW! ioe ceeeeccceeceecceesseeeescecsseeeesenssraseeseseesees 7-13 
LOCUIT, ooo. cee eee ceeec cee eee aces see eeeseeesceeeeeeeeesaeeenss 7-14 
TED eee ceeeeeceecceeceeccseeseeesesecsaceeesesesssseeseeenes 7-13 
TIED eeeeceeeeecceceseeesceseneseeeseecssaeseesensnseeesaeeness 7-14 
SCS D. oie cece cece tee eee se eeseeaeeteseeseeeceeenereennees 7-14 
SUDLW! ooo cee ceecccceceseesesceeeesseneeseaueeneeseesaeas 71S 
SUDWH ooo ec ceeceee cece ceeessceeeseceeeneaesenaesveneees 7-16 
SWADT? oe ee cee eect eeee te ereeeteteeeeeepeeneeteatny 7-16 
KOT Woe cceccceceeeseceneceneeeeceee setae stensssseeeseeeesenenes 7-17 
KOUWE! ooo. eececceescceeesceeceseeseceeesececeeuecaeeeeraeeeess F-17 
Operating 
TOOTS! ooo. eecccccecsccesessensescncecceneseeesesanssanesesansesens 3-3 
TEMPOLALUIe! 2... see cece tee ceee ee eeeeeeeeeeeenenneenenase 8-3 
0) 06:1 (cr een ES 1-3, 7-2 


OPTION_REG?.... 6-4, 6-8, 8-7, 13-8, 14-4 


INTEDG (Interrupt Edge Select bit):......6-5, 14-4 


PSO (Prescaler Rate Select bit): 6-5, 144 
PS! (Prescaler Rate Select bit): 6-5, 144 
PS2 (Prescaler Rate Select bit):....0....0.... 6-5, 14-4 
PSA (Prescaler Rate Select bit}:..0...0....... 6-5, 14-4 
RAPU PORTA Pull-up enable: ........ 6-4, 6-7, 144 


TOCS (TMRO Clock Source Select bit}: .6-5, 14-4 
TOSE (TMRO Source Edge Select bit):...6-5, 14-4 


ORG eee ecenecee teens neseeaecaeseeenenseeeneeeeenea 4-5, 7-19 
ORG OX000! oe ce sects ececee ces cesseeeeesesteeeaeeneeees 4-4 
OSCCALD ec eeecceeceeeceecteeeeeceseeeeerseeeesteenneasees 8-3, 8-6 
TO SISCOD, occ cecceececteeceneeencesceceeseeeaecnepeesneeeneaes 6-8 
OSCCAL Interna! Oscillator 
Calibration Register? 0.00. 6-5 — 6-6 
Oscillator 
Internal: 22.02... .ee eee e cece peeeeeseneesssceecnesens 5-5, 8-3 
OPHONS. oe eee eeepc cette tates ceepe aves revsetueesensteeneees 8-2 
oscillator calibration Values... ccecsscscesesteeeseees 6-6 
Output 
PUSS eee ce eee ceeeeseeee nes eennnereveceneneeerenreneaes 8-5 
WEACOW: ooo ceceneceneeenceeeseneesseeeaaenenesaeeseeesaeeaieeaes 5-6 
OVETALOW: oe seeeeetceeetteneseeneeaataeeaeeeneee 6-4, 7-3, 16-5 
Fag ee cece ceeeneeeeeeeeeeeeeeeeeerstseesacnsseseees 14-2 
P 
P16f676 INC FELE:... cece renee re cnereeereanes 5-5 
PLOPO TOA! oe eee eee eseeeeeseeeecreresetetneeeneenes 6-3 
PlOfG7G.inc files eee eee eters rere nnereereees 6-3 
Dads ooo cece cece ceeeeeeeceeeeeeceneseeceessenereusseseesssseeseees 9-7 
Padding Code: ........2.ceseceeeeceeeeceeeeseeeeveesesaseeceenseaes 9-8 
Paddle: oe ee eee ee reeeeet en ee restate soeeetaenenaea 18-8 
Parity DUS. oe ee eee eee ree rneeeeeneeeeenas 15-2 
PCON Power Control Register: .......ceeceseeeeees 6-5 
PEIE Peripherai Interrupt Enable bit: 00.0... 13-3 
physical Pune oo... cece esseesesseeseeeeceenseeeenaseanees 10-2 
Physical pin MuMDer?..... cc ccecescseesssetesssssssessseees 2-3 
PIC Programming Directory: 0... eeeeeceeeeeeees 5-2 
PIC16F630 - Sister devices ce ceeseneeeeeeees 2-2 
PIC1 OF O76: eee 2-2, 2-6, 3-3, 3-5, 3-7, 4-3, 
4-4, 6-2ff, 7-2, 8-3, 8-5, 9-2, 9-6, 10-2, 13-2, 
(3-7, 13-10, 13-14, 14-13, 14-16, 15-3ff, 16-2 
basic capabilities: ......-.. ec eeeseessseeeeeseeseeesenes 2-2 
capabilities 
Current handling: ......cceeesseessseeseeescceesenens 17-2 
conmected tO LCD: oe eeeeseeseeeeceeeteeeeeeees 15-6 
Hard WIL: oo. cscesseecsseecssesseessessenttasserseecees 13-15 
Inc fOr oe. eeceeseesceeeeeeeesoeeusceaesaeessseeesesaecateees 7-3 
Intermal architecture: oe. ceeeeeesee eee eeeetees 2-2 
Interrupt capabilities: oo. eeeeeeeceeeneeees 13-2 
IMLELTUPt VECLOT: oe. ee eee cee seeceteetaeeneecnteceeecaees 13-9 
Oscillator OPliONS: oe. eee eseseeeeeeeseeecseeteetaenee 8-2 


TESEL VECLOT? «0.00. eee cece vecenseeeessneesenensseeenaeee 13-9 
serial communications resources 
lack Of: oo. cece ccecceessceecseeeessueeseeseseesenanes 15-3 
PICTOPO7OANC! eee eeeeee ec eeeereeeeeeeeseneeseereeeeeeeneeees 8-3 
PIC 16F688 
serial communications resources: ................. 14-3 
PICK Ut 22 ooo. eeccecccceeceseesenesseneccecssenssssereeseeersnens 5-2 
DOA: ooo cece ceeeeccecceveeeecn ces seacavencasereseneessasene 3-3 
Development Programmen: .........0.00...ee ee 3-2 
GOCUMENEALIONL! 0... cee ccesccecceceseeesenesseueveseveveersns 3-3 
ATA WALE? occ ccecescccsecersseeeeaetenseereseneeseeeesanee 1-5, 3-3 
IC SOCKEti ec cccccseseceverrecseceeecececuereeeeeseaeennreees 3-5 
PYOSUAMIMET:? «0... ee eeeeeeeeeeeeeeseneeeeeeeees 3-2, 5-2, 5-8 
PICKGt 3: occ cee cceevececeeeececseeeensessneeaecerssnsensenees 3-2 
PICSTART: vocccccccccccesccceccecsuscessessssseeereeasesseneeneers 3-2 


PIE1 Peripheral Interrupt Enable Register:......... 13-4 
ADIE - The A/D Converter Interrupt 

Enable bit: 20... eee eeeeeeseeeeseeeereeeeeeereneeees 13-5 

CMIE Comparator Interrupt Enable bit: ........ 13-5 
EEFIE - EE Write Complete Interrupt 


Enable Bits oo... cccceecceesceessseseseeessecesseessseenns 13-4 
TMRIIE - Timer | Overflow-Interrupt 
| S0GE19) (oll 0) re 13-5 
PUD ASSTEMMENES! oe ce ec cect eee ee seetenee ees 2-5, 8-5 
pin number 
1 10-2 
pin number 13 
PORTA, 0 (RAO W/O pin): oe eee eteseneeeeereres 10-2 
Pin RA3, Uses: oo. ccceceeeceesereeeeseeeeeee 2-4 -—2-5 
PUne Looe eee ceeeeceeeeee eee seeeeeseresenceesesesceeessesensnseersetenes 2-3 
Pim 122 occ eee cee cece eeece cree cee eeseececeserseareeseeese 2-3 
Pin-13 cece ceecseeecesececseecesueeeseueesaeeecsscesseneeeevacseeceaws 2-3 
0d a 2-3 
0d 2-3 
bah 0 ss ne 2-3 
PIR1 Peripheral Interrupt 
ReGISLET 1s oo... eeenseeeessseectertsseeneeaes 13-5, 13-6, 14-5 


ADIF - A/D Converter Interrupt Flag: .. 13-5, 14-5 
CMIF - Comparator [Nterrupt Flag: ..... 13-6, 14-5 
EEIF - EEPROM Write Operation 


Interrupt Flag? ee 13-5, 14-5 
TMRIIF (TMR | Overflow Interrupt 
Phag Dats cece cece cece eccecteeeeeceeteees 13-5, 14-5 
TMRIIF - Timer 1 Interrupt Flag: ......... 13-6 
PORT 
change imterrupt: eee ee eeceeeeeeeeeeeeeeeeees 8-5 
IMPUT/OULDUE: oe ee creer renee reeresenteenersenernneerees 8-4 
pin designation: 0... ee eeeeeee re eees 2-3 
port 
VO Piste eee eee eeeeeceeeeeeeecteeeeceeteeeeeenees 10-2, 10-5 
TESOULCE: oo... ceeeceeeeeeceeee eens enene settee ceeeeneeeteeeiees 15-4 


POrt SCtUP? ieee eeeeeneen ee seeeeneneae 10-2, 10-4 — 10-5 


PORTAS ooeeeececeeccesceseceeseeeeeeseceeecseteseesenseses 2-3, 2-5, 6-7 
PORTA Register: .......ccccceeccceeccseeerseseseeeeneees 10-6 
RAOIRAA: oo ccecseseenecenceetereeeeeeneerceetenereneeets 6-7 
RAB. eccceceeeeceseaseseeceaverescaesceeressenssenensenensasets 2-6 

PORTA 1/0 Pins: ciecccecccsssccreesesnecscrteeeteceeeesenntaes 16-3 

PORTA, 0 (RAO I/O pin): .0.. eee eeeeeteeceeeeees 10-2 
Pin Dumber 13: oe. ee esecseessseesessesseeerevsresees 10-2 

PORTA, 2 (RA2)1 oeeccccccesseecesseceneerconentesarsneetees 13-6 

PORTA, 2 Pint... eect eee eeeseeeeeeeetteneneeeeenees 13-8 

PORTBE oe eceeeececcees cece ete eeccaeeecenaeeseeeecaneneesersaeeeesaes 2-3 

PORT OC? oe ceecceeeccceeeeeeeeeteceeccessececeneeseeeaee 2-3, 6-7, 13-8 
PORTC Register: 2... ee cece cee eeceeeeeees 10-6 

PORT DD? nw. c ccc cec ccc cecceeceee eee cence ececececeteeeeaeeaesaneeeaes 2-3 

POTENLIOMELEL: «2... eee eeeeeeeceeceseeseeceeeeseeeee 11-6, 16-3 
WIDCL POSTION! 2... eee cee teeeeeeereeeeneeeeereeeeeas 16-5 

Power bus JUMPECTS: 00.0... eee eeeeeeeeeneeeeeeeereeeeeees 3-6 

POWer SWIECHE oo. .cceccceccescecceesecerseseeseeeessesereeseeeees 3-6 

Power-up Timer Enabled: «0.000... ieee: 8-4 

Pre-Scaler Ratio 
CHANGE! oe eeeeecseetaceeesenereeaeeneeeeeteteeeneeetees 14-12 

Pre-scaler(s): ....ccscestresseercereteseesersesersnseeseees 8-5, 14-3 
ASSLSTIMEN Ee eeeeeeeseeseeeersecseserseneeees 14-7, 14-12 
CUCULES! oo .ccecceccsceceesessecsesaeecaseeserseeeacgecsetereeees 14-3 
MELO CE ee ccc cece eeeeeeeeateteeeeesssesseeeenaeensees 14-1] 

Processor, type Off. eects sesestseecreesesssesctetesneess 4-3 

PLOQUAIL «ccc cececcececeeceeseeeeeessccesteseeeseceeacstececsacetaeenies 1-4 
ATCHULECUULE! «oo. ee ceceeceeeceeeetectesseeesensceceeensesenas 4-2 
COMED oo ceeec ec ceeeeececeeseeeesseeeeeees 1-3, 3-4, 8-3, 16-4 
counter (PC): oo. cecceceeceeceeeseeeeeeee 9-7, 13-2, 14-16 
counter information: ........2.e eee eeeeeeeeeee 13-9 
EXCCUUION! .. os eeeeeeeceeneeceeeeeeeeereeseeeeeeseesieeeneeseeneaes 4-3 
fC i eeecteeetseeeeeeseesseceeseneeseterseeessenseceeesecaeeaes 3-4 
i ee 7-2 
INFOTTMATIONS «.....ccecceceeececeeeeeeceeeeceeeececeeeeneteteeeees 4-3 
MEIMOLY: ....sseeeeercneeneceseeeeeeereceeeceeteteeeseeeeeeerans 3-4 
MEMOTY BLOCK? 00... eeeeeee ec ceeccereeeeee tee ceeeeeeeeeetane 2-5 
OPCTACIONS: 20... ese eecceeneeeecseeeeeeeeeeeesveseeeeeeeatenee 6-6 
OUCLING! eee ceesscessseecceeeeceeeeeceeesteeesenenseensseaes 4-2 ff 
SUITLITIALY® 00. e.sesee canes coceeeeceeece ce eeeeeeeeeseneenseeesseenaes 4-3 
SUMIMATY CESCTIPLON! ...... eee ee eee eects reeeeeees 4-2 

program 
CALLING? eee ceeccenceeseeenteveeseeevseserseeessteeresereates 17-5 
COUDICI: oo... teescerserensereesseeseesennseescserresetseeeenes 17-5 
o> 4o101 1 (0) | ee 6-3 
LOOP eeeceecceevenceecseenereee see seseeeeessntaeeeneceneates 10-7 

PROGRAM TARGET DEVICE:...........-...:0ceseeseeeeeees 5-8 

Program/ 7-Segment LED? .....0.0...0.. cc eeeeeeeeeee 17-4 

PrograrvADCs 0.0... cceccesesereerecececeeeeeeeeteeeeeeeteeeenenaes 11-2 ° 
TO COMFIZULE! oo. cc eee cneeeeecee cee teeceeteeteeteneneae 11-4 

Program/Keyer! ........ cece cee cesceeeeseceenetesteenetneetaes 18-2 

Program/On Off Button:........000..:cesceeeceeeeeeeeeee 10-8 


PROGRAMMER/CONNECT: ..0.0.... cecseceeseeenseeeeererens 5-8 
PROGRAMMER/SELECT-PROGRAMMER/PICKIT 2:,, 5-2 


PLOPTAMIMING: 00... ececcseceseseescnsessetecseecsevsecreseensveess 1-4 
CODES. eeceeeceeceestetssscesseesnenevsessuenesecceranescgesserssens 9-7 
HATA WADE! oes ect ceeesesecsseeenterecssevererennscpensenees 1-5 
ITISETUCHIONL 0. eeeeeeeeeetecersareeeneeeeseeeaeeeteeesenpeneenens 1-3 

Project Template: oo... eee rseeesereeeeeeeeeeepeeeneneeees 5-2 

PPOCO-DOAIG: ieee eee eetee rere cere ree ere ceceeeeecaeeeeneeens 13-16 

prototyping boards... eee eres 3-6, 10-7, 18-3 

PS2:PSO (PS2, PS1, PSO)s oe ececeeeereenccenereeeees 6-5 

PUT cceccccccccceceecenetsseesetecensassaeecnseessaessaeresscensvans 18-5 

PTT (Push-To-Talk): .......cccccccsessescesesseeseeceeeceees 18-2 

Pulse widths: ooo. ce ececsseeresserserceecseeecnsereneeens 9-8 

push DUttOM: 2... cesses cert teres reeeeseepeceeretes 10-7 

Push button, user interface: .........ccccsessseeseeressees 8-4 

Push-To-Talk (PTT): ..ccccececcsecscssesesneteeeesseeeane 18-2 

R 

RAO! oe cceccecesceseeseeseseeeeseneeeeeressareaeeaesteissenerase 2-3, 2-5 

RA Le iccecccsccescesseessseenvesessnsseeeseesececesesaeecceeeeseeeeaees 2-5 

RA2/INT? vee eeeeeerecereeee 13-10, 13-12, 13-14, 13-15 
External Interrupt: .....0000000.... Seaceeeeeesceenereeetens 13-2 
Interrupt RESOUICE? ... cies ceeeeteeenereetaees 13-6ff 
ANLELUPt(S) ne eect reee 6-4, 13-14, 13-16 

RA2 COUNTEL? ....c ccc eccecccsceeceersseeetseceecenesnerenatese 13-11 

1 No re 2-5 

RAL cee cc cet teeteeteeeenetenntes “Sevuseetiseeteteeceeeesees 2-5 

RAA PUR ccc eccceccscececeeeeseeteeerseetsceseeessseeseeeeeseeeaee 8-3 

RAS PU vo. cecceseececeeeececeeeeeeeeceesceecersrenecaeeeeneecaneetan 8-3 

RAIE The Port Change Interrupt Enable bit:...... 13-4 

RAIF - The Port Change Interrmpt Flag bit:........ 13-4 

RAM? 0 cececeeccesereeeeecensesaeeneaeerepenteneraens 2-6, 4-2, 6-2 
FLASH. eee cecensaececeeeecensesseceeessessseeecnerseaeees 6-6, 6-8 

Random Access Memory (RAM): .o00. cece 2-5 

RAPE ci ccccc cence ce ecaceeteneeteecessacescaneesseneeeeeeaes 64 
Le) (a ee 10-3 

RC oscillator MOdES? 2... eee eee eeteteeceeeeeeeenee 8-3 

RC oscillator Optroms: ........ eee ceceeeeceee ee teeeeeeeeetes 8-2 

RO: occ eee cc ceccecctcescseceeeeeenee tee senseaensereerentnees 2-3, 2-5 

ROB» oe ccecccccscsesesceenecesreeeccececeeeescetesseeeneeesssecsneeesess 2-5 

RCD: cececeecsccesccssesseseeeseeeessecsnsceceecssecenestecentucssensees 2-3 

TE-COTDIMCME 2... ee ececeeccececeeeceeeneteetenseeeteeeareneenaes 12-11 

Red bus COMM... cesecceeeeenteeerseeeceeenceeereee 3-6 

reference VOMAGE? ......ececceeeeeeereeeeeeeteeee 12-3, 12-10 

Register 
Dit eee ececeeccceecesateaseeetaeeseeseeeaeeaecoesuresretaneass 1-3 
fer ac casceeccecnseneeaeerssecerceteeceeeeseenesseeesaeerateanes 7-3 
LOCAUIOMN: ...eee cs eeeeeeecceceeeceeeeceeeeeeevessenececnenaenenaenees 1-3 


Special FUNCTIONS... eerste Dod 
TUMET oo eect eerteneeeeesee teers ceeesseeeseeeeees 14-17 


Register Bank bit (RPO): oe eee eee eee 7-3 


COTE ec ecccccccceceeceseeeecceceereneareeeeeesctssteeseceenes 6-2ff 

Gedicated HGP oo... cee ecreeesaeeeseeesseenns 14-2 

WOrKINg WIE! oe eee eceeeeeceeeneeeeaeeeeaeenes 6-2ff 
registers 

COTO ecceecegececesneetensensensneeassnausasaeeescessessesenerenee 6-2 

peripheral: 0... ce ceeccceseeeeneeeeeeeeeeseeenseseaeesee 6-2 
TeEpeat_UP LOOP!...... eee eeeeeeseeeeeeeteeeereeeneeeeneeees 16-4 
Reserve (declare) memory locations:........ccee 4-4 
LOSCt SEATS. .......cccccesesecscaneeseneesesaeseneeeserstusssseuaeasees 6-3 
Reset VeCtor? 0.0... ccccserceseeeneees 4-2, 4-4, 13-8 — 13-9 
resistance ladder: .........cccccccecpeseereeseveeveesseeaeseans 16-5 
Resistance Ladder Modulet.w..........eeceeseseeeeees 12-9 
resistor 

Vader: ....cccccccseceseessseetessesseatessesnessesceneesseneaees 16-2 
Resistor, current WMiting: oe ee ee eee eee eteeeeres 2-4 
resource identifler: 02.0.0. cee ccceeeeeeveveessenseesues 10-2 
TOU ccc cee ccc ceeeccee canes seeeesseeeecssecesccepreereeeatas 4} 
TQLUIIL. .eeccscceeseeeseeeseecsscseeeeecuspreeeseeecesssnsseeceaees 4-5, 4-7 

INSCTUCTIONS -. 2... ceeeseeceeeesenneeeeeeetentaaeeeteesensteeaaers 13-2 

OPCOME? oe. eee eee cee tec e ce see ene eneereneenseneenennnags 9-5 
routines 

Up_VORIMG! oe. eee eeeneeseeaeeeseeneeeeeecaeeeeeaeens 16-4 
RPO (Register Bank Bit): .. ccc ee eens 7-3 
RPO or Bit OXO5: ooo. cccceeeeccseceesssseessssessacesseseeees 6-3 
RPO SETTING ooo ecccececceccceneecevsrevesnereneeeeeus 6-3 
UE) re 14-11 

BUTCOT! ooo cece ececcateseeeeeeceessereevereevsesseserean 14-9 
Ss 
SCK (serial clock line): ..... cc ceccscceeeestscceeeeens 16-2 
Select [IMG8: o.oo ccececeeececeecceneeeuvevenveasaseeeaees 8-4 
Semi-colon, “;” - use in comment lines: ........00..- 4-2 
send dash SUDrOUUINE? .o cc eicececssecceeeeeeeeseereeeees 18-6 
send_dit subroutine: ........0cccc ee eeeececeseseseessescrecees 18-5 
serial clock Hine (SCE)! 0. ee eeeecceseeesseceseeeeeees 16-2 
Serial COMUMUNICALION! ....2.. cee eeeeceeeceseseeceesoeeneae 9-8 

GUPIOX: eee ec eneeeeeeeereerecenetsesersceeeseeeeeeeeeeeaeees 16-2 

Peripheral Interface Bus (SPI): 16-2ff 

PrOtOCOL: ccc ce eee eeeeeceeeseeeeeeececeeescersareenenies 16-2 

USING SOLWALC? ooo. eect ceteeeeereeeeeeeneeneeseneess [5-4 
serial data mmput Ie: eee eseeteeeceeeeeeeeeeeeeeeees 16-2 
SET occ cccceccccceeccsececeeeesteeenees 1-3, 2-4, 5-3, 7-3, 13-2 
Setup Code: oc cccsceceececceceeceeeeeeeeesetesaseeneerenss 12-4 
Seven-segment LEDS? cece ee cecereeeeeneeeeneees 4-6 
SFR Labels: oo... ccc ccc cecenceeeeseeessseescsessccceeeeseeanes 6-3 
SFR(s) 

SUB CALCZOLIES! eee cece ecceeesecneceeeeeeeetsectesenees 6-2 
SFR(s) see also Special 

Function Registers: 0.0... cccecseceeees 1-3, 6-2, 7-3, 


8-2, 8-4, 8-6 — 8-8, 13-3, 13-6, 14-3 
SFR(s) to configure I/O pins 


BN hs) 5) 10-2 
TRISAS ooo cececccccceesccessseeseessccevennesversvevernsaeeeness 10-2 
TRIS? ooo ceeccccccesessesesssesescceecsererseverensensraaeeseans 10-2 
WRPUAL ooo cecccccccceccccecscecccccesseseeeesarssueesssneesensis 10-2 
Short duration there... ccceseeesseeesseeeevensens 14-2 
SLOMAL LANES! oo. eee cee ceeee cee ceceeseteeeaeeeseeaessarensseenes 16-2 
chip select line (CS): oo. ec ceeeneeeneereeee 16-2 
serial clock line (SCK): oe. eeeeceeeeeeeeseeees 16-2 
serial data input Wine (SD)... ee eeeeeeneteees 16-2 
Simulated time: 2... ees ecesseeeeeesseeseeeeeesessseaessees 9-3 
Simulator... cee cceeeeeeecesseensensenves 1-4, 3-4, 5-5, 7-2 
software 
OVEFHEA! ooo... ececceccensesesteeesseeeesseesseesstseeseuee 17-5 
teCHMiques?..... se eseecseee reer eeneeneeeeteneeneneenens 18-2 
used for serial communication: .......0.cc ee 15-4 
SOPLWALE LAD: oo. ceeceesceseeceneeceteeeeeteeteeeeteseeseseesases 18-8 
Source Files folder: ccc ccccecscscscs cesses ceases 5-5 
SPDT slide sWitch icc cccecsssecserrescseeeee 3-6 


Special Function Register 
(SFR) see also SFRs: .......7-3, 8-4, 8-6, 10-2, 11-3 
Special Function Registers 


(SERS): co cescecsceeseecesreeetees 1-3, 6-2ff, 7-3, 8-2, 8-4, 
8-6 — 8-8, 13-3, 13-6, 14-3 
ADCOND A/D Control Register: ........ ee 11-3 
ADCON1 A/D Control Register: .......... 0 11-4 
ANSEL Analog Select Register: -..0. 11-4 
INTCON (ec cccieeeceeneeees eceseeeceseeeeeeeseeenes 13-3 
PH cece ects sce ceneceececeeeesensenersnneeteetenes 13-3 
PIR]: cece ccceccsesceceeeeeeeerceeeseseeseeeceteeraevenes 13-3 
SPL cece ccc ceccccesccceseeenseeeecaeeeaeeeessnseescnrsasenessneesss 16-7 
15) K0]K0\ 610) en 16-2 ff 
TEMPerature SCNSOM ...... eect eeercectsseeeseeeeeessees 8-4 
SPI Serial Peripheral Interface Bus: .............. 16-2ff 
Stack. eeeseseeeeeeeeeerees 13-2, 13-9, 13-10, 13-16 
start of heading command: see eee eeeeeeee 15-7 
starting point 
TMRO register: ..........cecseceeseeeeeeeseesseecsaeersseees 14-7 
State CHANGES! oo... ceeeececeeeeseeseseenteeessneeseesneeesees 14-2 
Static muumerical Vales... eecessseeeeeeeeeeeeetees 7-3 
STATUS bits affected: eee 7-5 -7-17 
STATUS Register? 00... ees 6-3, 6-4, 6-8, 7-3, 
13-9, 13-10 - 13-12, 13-16 
StAtUs PESUIES! oo... eee eeeeeeeeceseeceeeseneereneersneessanensase 6-3 
StHMMUTUSE occ eee ceee ence ce eeeeeecereeeetasseaeennees 13-12 
dialog Window? wc... cee eceeeeeseeseeerseereteeneenes 13-15 
WIUNKOW? ....cccecccceccscescceesscecsceecesesceeeesteteesrenees 13-14 
STOPWATCH: .00.. cece cece reece renee renee ene ee 14-11 
WINKOW: ...ccccccscssseeesscecestsersceceecceeeeeeeves 14-14, 15-4 
StOPWAtCh? 00... cceceeeceeeeteeeeseeees 9-3, 9-5, 9-6, 14-8 
FUNCTIONS? oo... cece cee cc seesacesseeeteeceeeeeeesceereneeseaees 9-3 
Sub-routine(s): ccc 4-3, 4-6, 9-3, 13-9, 13-11 


instruction cycle accounting?.......... eee 9-7 
SPL iseseeceteeeaeeeteeseseeseeneeeseeeeeeaesssseesseepetene 16-6 
SWaAPt OPCOE: oo... ee eeeecseeeeeeeeteeeereteeeeeeeeesseetaee 13-11 
SW1ECH(OS}: oo. cccececccssceceeeeseeeeseeescgaeesegeeeeseeeseeccsaeeress §-2 
CLOSUTE! oe ccaetceceeeeeeecneeessneeeesenseenenrteeeeuaes 13-16 
Switches 
CLANISISLOL! 02. .cccceceseeeesanersanecsaneesseesssnessneesertees 17-2 
SYOLAK! ooee cece csecc sete teeeeeenaeeanearsnenerenaeteneesenensanies 7-2ff 
System clock oscillator: ......0000c eee 9-8 
T 
TOIF - TMRO Overflow Interrupt Flag bit:......... 13-4 
TICON (Timer | Control Register):.....4-5, 4-6, 14-5 
TICKS 1(Tumeri input Clock Prescale bit):... 14-5 
TLOSCEN (Timer | Oscillator Enable Control 
DAL). eeeeesecsceresseeevenecussseereceuseeeesseeeeeaes 14-5 
TISYNC (Timer 1 External Clock Sync Control 
10) ere 14-5 
TMRICS (Timer 1 Clock Source Select bit): 14-5 
TMRIGE (Timer 1 Gate Enable bit):............. 14-5 
TMRION (Timer 1 On bit}: oe eeeeeereereereee 14-5 
Templates... ccc eceeneeeseeerereeerteeesireresenneeny 5-2ff 
PLOSTA oo. eececceeeeesscseessssessseessaeessessrsnes 5-6 
TEMPLATE FOR THE P16F676.ASM file: ..........00.... 5-5 
Test _Dyte: oo. ce ccc cceececssscseeesesseesssseseesensseeesasens 4-4 
Text COMVENLIONS:? .......ccccccecsecesseescenseesseeseeeseeeeses 1-3 
Time 
FUNCTION: 0... ec ceeeeeceeececceeeeetseseeeesecseseeseneecsuessaenees 9-3 
TTUCT VAN... secscvesernevsesesevnsenseeceeeerseeeceneenaeeessens 14-2 
CLITG. o..ceeceescesneeeeseeeneeesoceeeceesceetsseeesseevscesesseensenens 11-6 
time interval: 0. eeeeeeeeeeeeeeeeeees 14-10 -~- 14-1] 
Time _tWeeke eee cece cece cece eeceececeeesceeeneeeeseneseneeene 4-6 
Tite: oo eeeeeeceeccseeeceeseesceeeteeececescceesetsenneceneeeseatevateces 8-4 
MOD UIE(S): oo. eceeeceseeeesecceneceeceecersrteveseenernesveavers 2-5 
TESQUICES |... ecesccssereceeeecarcreersersenseeuetenesnes 8-5, 18-5 
Timer | r@SQUICES!......ceecsssescsresseeeceseeseeceseseetenees 6-2 ff 
Timer resources setup 
Ga: i ceeccsessesceessssesseesesoresssaesanesesaeesvenrcanes 18-6 
Cit: ieceeessseersecevseeeesnensteeeereeecsreessseessesessesens 18-5 
TimerO - internal timer module:..........0.eeeeeeeseees 2-5 
Timer] - internal timer module:........0-..22-. ee 2-5 
Timers 
Independent... eacecseerserersareiseeessenresnarenenes 2-2 
Trntermall: .....ccssccscscecssreessseessecescseressecerseessresssseeens 2-2 
Timing delay routines: 0... eee eseesseeseeeereeeeesees 4-6 
timing issues, Critical: ...... ee eseeeseesarerereereererreee 14-9 
TMRO): |... eceseeesssseesseenteseers 6-4, 9-7, 13-2, 14-2, 14-4, 
14-8, 14-10, 14-11, 14-16, 14-17 
INCETTUPt TESOULCE! oo... sees eeeetceeereneeteeerees 14-15 
PLOJe Cts cece cess seeeeecseeneeeeteereesaeeeeerenaeeneeeetes 14-7if 
TES ISECT! ..ccee cee cseeeeeeeee 14-9, 14-10- 14-11, 16-4 
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TMRO. asm fille: 00... cee cececeeceeeeseeeneseeeneenerees 14-13 
TMRO scale: sooo cecece cece ceccececceseneerenreeeres 14-13 
TMR 1: eeeceseeeeeterterreee 13-2, 14-2, 14-5, 14-16 
IMLETTUPt Intervals... eset ereceeneecesenseeaes 14-15 
iMtELTUPt TESOUICE! oes ece rece eeeeeeneene 14-15 
RESOUICE! ooo. cecececeeeeeceeceecceeeenteeenecneereeentereenaes 14-14 
SOUP. eee seeesececesnecseeeeneesetseeeseeeeaeseteneeeeeeeenees 14-5 
TO soos eee cee eeseseececeeceeeceseseeeceeneeeteseeeeecneesatenes 9-7 
TMR1] interrupt service section: -.......2.20-.- ce 18-7 
Tir | _ COUN... eeeeesesseeseeressenesceeeccereseverssieeuseeraes 4-6 
TMRIAD oe eeceseeteeeecsceecesneeseeeevereenecen 14-2, 14-l5ff 
TMRIIF 
(TMR 1 Overflow Interrupt Flag bit):............ 13-5, 
14-5, 14-16 
TMRIL: ooo eeeeeeseeeeseeteeereteereesseeseeseeseeres ... 14-2, 14-15 
TMR ION? ooo ceecseeeersenee sce nenenceaesecesezenseerseeenenatees 4-6 
UAMSISLOE SWITCH oo... eee e eee cece eetececce cen eeeneecens 18-2 
transistor SWITCHES! 0... eee ccc ee eeneteeeesaeeeenenes 17-2 
TranSMit OM? ...cccccccccccseescseeesssseeseueeessneeeers 4-4, 4-6 
transmitter CQUIPMENE: ...... eee eceeeeesteeeeeer seers 18-2 
Tri-state ROgister: 2... ccececeeeeececeeesceeeeeeeeceeeneeees 10-3 
Tri-state Register TRISA PORTA................6-6 — 6-7 
Tri-state Register TRISC PORTC?.:..... 6-6 — 6-7 
TRISAD occ cceccecceneeeeseeneeeareenraesenecseneceesasenaecatees 6-8 
TRISA PORTA Tri-state Register: 6-6 - 6-7, 
10-2 — 10-3 
TRISA register: 0... cesses », 2-5, 6-6 ~ 6-7, 13-8 


TRISC PORTC Th-state Register:......6-6 — 6-7; 10-3 
Truth Table 


7-Segment LED? 00... eee eeceeeseeseeseceesseceevene 17-3 

AND Operation! ...0 cc cette eee eeeeeeeeey 7-5 

Comparator Inverted: ..... cesses eceeeeerereee 12-6 

Comparator Non-Inverted: ........0...0::ccceeeee 12-6 

OR Operation: oo. ee cece ee eereneeneeee 7-10 
TUNE _OM? eee ee eee ae ees eesteascesesseevesesceseepeeeenneres 4-6 
TwWeEKZOOMS! .... ee eceeccecceeeteeeeceeeceeeeeeseeseseeseeerareees 4-7 
U 
Umbrella segment: 002.0... cccccccccceecseeeeeeesereeeeeeees 46 
UP_VO]UME TOULINES reese reece res ecreteneeeee testes ceee 16-4 
USB cables ..... cc cecceeeeeceeeeeeeecseeeeereereeeneeecoeeennenees 3-3 
USB Grivere oo... eeeeececeeeseceeeneeceeeeeseeneeeneeseneenteaaes 3-3 
User interface push DUULONS? .........ccceeteeesreerrerreees 8-4 
Vv 
value 

OFPSCED oo eee see eeteceeeceee tees ceeeeeeceaeteeneseeneneeas 17-5 
variable 

COUMUOT! eee eee ce ccese esse sce eesaeet cess nnenceeventaey 17-4 

Labels: woe. cceeceeceseecsecsseeceseserseesesseesseeeeenaeteneeaes 4-2 

TOSISTOL! ....cccccsceccesstcrecreerecsteeeesceeeeessnsseees 12-8, 12-9 


VARIABLE LABELS:?......0..0000..ccceccccecceeeeseecerassesesens 9-4 


Variables: cccccccccccsesccssceseccsssecesescnssessereeseaas 4-4, 9-5 
Vogl ecesesseceseseeseseeeseceesersenevasseeessnacseeesaeersaveesenesinenes 2-3 
Vag (HOV): cece cee cscesccteecceaeccevsrevsnveeseeeatenaeesesessaeente 2-3 
Vogel ceeceeecececnececcaeenecereereveevaeenevanetenseetaneaesnasseeseesieenes 2-3 
VIEW: ooo ec ccecsscecseeeeessereerenereeressanessaustaauauvacessuaeans 9-3 
View/Program Memory: vo... cece eseeeseeesennes 3-4 
voliage 

APPlied: oo. eee sere eee eee neeereacereeteraeeee 11-2 

Givider CICUIED oie cele ceeeseeceesoneeneneeee 12-9 

QUCDULS icc ce cceseesecsenseseteereeseeceeenreeeeetetes 11-2 

TEPETETICE! .ecccecccccscccesececeeessceseueeenesaseaes 11-2, 11-3 

extermal: 0.0 eeeeeeeeeeereeeeeeeesaees 11-3, 12-9 
Untermals oo. cece ee eeccseeeeeeeceessseseeeeenes 12-9ff 

PEQUIALOL: eee eee eeeseeeecceceeeceteeeeeeeeseeseeaseeeentenee 3-6 

SENSE! ooo. ee cccecccee cee cesessceeeseeeeenssesseeess ceeeens | 1-2 

State eee cece cee cceeessesceeceecnnreeevererennentere® 1-3 
voltage levers 

analog or digital: .........:cececsecseseseeseeeerteeeeees 10-2 
Voltage Reference Control Register 

VRCONSE oc ceeeececceccescececesscsceeseeeerns 12-3, 12-9ff 
voltage reference Tanger oo... cece nteeeeeeeereeeee 12-3 
VOIUMOLEL? oo. cece ceccceseeseeeeeeeecaeeesseeeees 11-8 
volume 

COMO]! ooo eee cece cee cncceenseescetessecesseneesenenaees 16-7 

data Byte: oo... eee ce cececsececceceeeeecesseeseasensnens 16-5 

VATIADIE! oo. ceeeeeccceccecsscecceeeceevnneseeeersvannnares 16-5 
VOM Volt Ohm Milliammeter:.......cccecscccereens 12-6 
VRO CVref Value Selection: ...........ccccseesssesesenees 12-3 
VRI CVref Value Selections... ecccccessesseetseees 12-3 
VR2 CVref Value Selection: ......ccccsceeeeeee 12-3 
VR3 CVref Value Selection: ....cccccesereesenseees 12-3 
VRCON Voltage Reference Control 

Re@iSter: ..... eee cee eee eeeesanesesereessaneranes 12-3, 12-9ff 
VREN C Vref Enable bit: .......ccteccccceceereeeee 12-3 
VRR CVref Range Selection Dit... eee 12-3 


Ww 
W (WOrkKING) TESISCET occ cee cn eeeeeeceeseeeeeeeeees 6-6 
W-REGISCCL! oo cece cecccessenceceecsseneeceseeneseeseneeeaeey 15-5 


W-TESISCED! occ Poo, 8-6, 10-4, 11-6, 13-8, 
13-9, 13-11, 13-12, 13-16, 15-4, 
16-5, 16-6, 17-4, 17-5, 18-7 


WATCHI eee ececcecsecereetenaee 9-4, 14-8, 14-14, 17-5 
WANKOW? eccecccecccccescesssctssseetseerecesceseneesseeesenees 15-4 
Watch Dog Timer 
0 8-4. 
Watch Dog Timer (WDT): ...... eee 4-3, 6-4, 14-7 
Watch window(s): ..........0...00. 3-4, 9-3, 13-12, 14-8 
WDT (Watch Dog Timer ):.....0. 4-3, 6-4, 14-7 
weak pull-Up: 2... .ecceeeeseeeceeee tee teseeeneeseseneessaaas 10-7 
weak pull-up resistors: ......0..000.0...6-4, 8-5, 8-8 
Windows Notepad: ......20:.c0cccccceceseeseeeeeeeeeeees 4-3 
wiper 
MOLT! oo. pcceeveceeeeseesseeesseecnsersseeresseesaes 16-2 
OUNPUL DUI. occ ees ceeseseseececeeseetececeseeeeseseeees 16-2 
TELO) (0 (0) | See 16-5 
WIUIZAUS eee ceceecereeeseeecosceereeeveneeesasessaeesnaeees 3-4, 5-26 
WRUAL onc cecceccccceceeeteteneeenteeees Ta eceessneesteeesees 6-5, 8-8 
DitD eee ccceecceeecceeeeseeeeseeenstensseessteserserssiers 10-3 
Pull-up Register? 0.0... ecceseersneresnerneneen 6-5 
TORISLOL. ce eee eeseeesererneeeereenensesenacees 6-8, 8-8, 13-8 
Weak Pull-up Registers... cee eeesseneeeerenes 10-3 
x 
ROTWE? oeccececceecesseescseessseecsseesesecensensaeesessseessaseesseaes 13-8 
z 
Z, Disc cesccesseesccesseseeesasseeseescaseesascesasessasessasscsssscsces 6-4 
ZCTO Dill ecccceccccscssceccssceesrasesscneseceasscectceeescessnesecseees 7-3 
FIP SOCK! oo... ccccccecssscesseccstecessecsssecensesseeseseeceeneeses 3-7 


